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PREFACE. 



■■ * 



The artictes Stbam and Stbam-Engine in the 
formev' edition of the Encyclopaedia Britannica were 
written by Dr Robisok. The college companion of 
Jambs Watt became thehistorian of his achievements, 
the expounder of inventions of which he had closely 
watched the origin and progress. His articles are 
distinguished by that clearness of conception, close- 
ness of reasoning, and gracefulness of style, which 
entitle him to be ranked among the soundest and 
most accomplished of those authors who have con- 
tributed to the advancement of mechanical science. 
These articles have long formed the standards of our 
knowledge, and are still the fountain-head to which 
we resort for information. To Sir David Brewster we 
are indebted for the publication of certain contribu- 
tions to these original articles which have enhanced 
their value : to his edition of Dr Robison*s works, Mr 
Watt himself undertook to contribute notes and addi- 
tional matter, and thus became at once the historian 
of his own inventions and the commentatot on the 
writings of his early friend. 

Thus, the friendship of these two distinguished 
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individuals! commencing with the warmth of youth- 
ful companionship^ continuing through the vicissi- 
tudes of lives longer than the usual term of humanity, 
and descending into their graves — ^is embalmed in 
these their joint contributions. It af^ared to the 
writer of these pages, that he coul^ act better dis- 
charge the duty devolved upon him, '1i|. accepting 
the responsibility of the articles Steam wni S^fceam- 
EnginCf in the seventh edition of the Encyclo- 
psMiia Britannica, than by retaining as much of 
those original contributions of Robison and Watt 
as could consist with the present advanced state of 
knowledge and practical art. Considerable portions 
of them are, therefore, presented to the reader exactly 
as they came from the pens of Robison* and Watt,t 
distinguished by their names or the accompanying 
marks; and to these valuable gems his own contribu- 
tions serve only as the mere " setting*^ required to 
connect them with the now extensive structure of 
practical science. 

In the joint lives and labours of Robison and Watt, 
we open one of the brightest pages of the *^ friendships 
of philosophy" — ^intellectual prowess was in them re- 
markably conjoined with the virtues and amiabilities 
of social life, and it is difficult to say, whether we 
more admire the philosopher, or love the man. Akin 
to these feelings appear to have been the sentiments 
with which through a long life they regarded each 
other. Fortunately, the records of these sentiments 
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Still exist in notices written by themselves* Robison's 
sketch of Watt is already before the public ; but we 
have now the pleasure of presenting to our readersy a 
companion sketch of Robison drawn by Watt himself, 
which we owe to the kindness of Sir John Robison, 
and which in Aj^ 1805, was addressed by Watt to 
the widow oCsfW^eparted friend of his youth. 



V 



Mr Watt's sketch of Dr Robison. 



" Our acquaintance began in 1756-7, (Mr Robi- 
son being then 17,) when I was employed by the 
University of Glasgow to repair and put in order 
some astronomical instruments, bequeathed to the 
University by Dr Macfarlane of Jamaica — Mr 
Robison was then a very handsome young man, and 
rather younger than me. He introduced himself to 
me, and I was happy to find in him a person who was 
so much better informed on mathematical and philo- 
sophical subjects than I was, and who, while he was 
extremely communicative, possessed a very clear 
method of explaining his ideas. Between two young 
men of ardent minds engaged in similar pursuits, a 
friendship was soon formed, which has continued 
until death has deprived me of my friend, and has 
suffered no other interruption than what has been 
caused by our absence from each other, and the ne- 
cessary attention to our respective duties in life. 
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Soon after this, I settled as mathematical inBtrument 
maker in the college of Glasgow, and was favoured 
with Mr Robison's company until he left the college 
about the end of 1758 and went to sea — I believe in 
one of his Majesty's ships. 

*^ During this period, he tumeJ^ggf attention to 
the steam engine, a machine of wnlt|| I was Very 
ignorant, and suggested that it might be £y||Ued to 
giving motion to wheel carriages, and thatroi^ that 
purpose it would be most convenient to place the 
cylinder with its open end downwards, to avoid the 
necessity of using a working beam. The latter idea 
he had published some time before in the Universal 
Magazine. — In consequence, I began a model with 
two cylinders, of tin plate, to act alternately by means 
of a * * * acting on two pinions attached to the axes 
of the wheels of the carriage; but the model being 
slightly and inaccurately made, did not answer ex- 
pectation. New difficulties presented themselves; 
both Mr Robison and myself had other avocations 
requiring our attention, and neither of us having then 
any idea of the true principles of the machine, the 
scheme was dropped. I however went on with some 
detached experiments on steam, until 1763, when I 
set about the matter more seriously, and discovered 
the principles upon which my improvements on the 
steam engine were founded." 

Beside this we place the following extract from the 
Eloge of Watt ; being — 
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Dr Robison's Skbtch of Young Watt in His 

Workshop. 

^* When I was as yet a young student, I bad the 
vanity to think myself a pretty good proficient in 
my favourite studies of mathematical and mechanical 
philosophy, an^ on being introduced to Watt, was 
rather mortffied at finding him so much my superior. 
Whenever any of us stumbled on a difficulty, we 
went to Watt; he needed but to be prompted ; every 
thing became to him the beginning of a new and 
serious study, and we knew that he would not 
quit it till he had either discovered its insignificancy 
or made something of it. . • . On one occasion, 
the solution of a problem seemed to require the 
perusal of Leopold's Theatrum Machinarum-«»and 
Watt forthwith learned German; at another time, and 
for a similar reason, he made himself master of Italian. 
. . . when, to the superiority of knowledge which 
every man confessed, is added the naive simplicity 
and candour of Mr Watt's character, it is no wonder 
that the attachment of bis acquaintance was strong. 
I have seen something of the world, and am obliged 
to say, I never saw another such instance of general 
and cordial attachment to a person whom all acknow- 
ledged to be their superior. But this superiority was 
veiled under the most amiable candour and liberal al- 
lowance of merit to every man — Mr Watt was the first 
to ascribe to the ingenuity of a friend, things which 
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were very often nothing but bis own surmises, followed 
out and embodied by another. I am well entitled to 
say this; having^ often experienced it in my own case." 

Below this sketch Mr Arago has written a note, to 
which we shall every one subseribe : — ** It is difficult 
to determine whether the honour .||f having uttered 
these last words is not as great as AMI of having in- 
spired them'' — and, with both sketches blBfor^ us^ we 
are equally left in doubt whether each were not fiilly 
entitled to all the encomiums his friendship has passed 
on the companion of his youth and the unchanged 
friend of declining age. 

In the present articles, it has been the author^s aim 
to add to all that Robison had originally said of 
Watt's invention, what he would have required to add 
if he had lived to witness its present extended use, its 
multifarious applications, its varied forms, its modifi- 
cations in materials and construction. In all else — in 
principles, in useful effect — little has been added, 
though much has been changed since the machine 
came out of the hands of the original inventor. The 
author has to regret the inadequacy of his work to 
the design which he had formed, and its defects, even 
when compared with his own standard of excellence. 
Unfortunately the duties of a laborious profession 
allow him little leisure for literary exertions. He has 
however endeavoured to place before the reader, in a 
simple form, all the most important information which 
many years of research and of practical experience in 
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a favourite subject^ have placed in his possession; and 
the reader who is familiar with the subject will readily 
discover that he has read and thougnt for himself, 
and that his errors, if many, are at least his own. 
In one point he trnsts lie/has facilitated the progress 
of the student. WhHly ^gt^ g the general reasoning of 
complex cjalMfaMnSyhe has endeavoured to disembar- 
rass tb^^s much as possible of that parade of 
calculus which exhibits the author at the expense of 
the reader; and rather to present their results in that 
simple form in which alone great truths present them- 
selves to those who thoroughly understand them. In 
treating an extensive subject in a limited space, he has 
also preferred to present general truths, rather than 
to enlarge upon minute details and multifarious 
definitions, which often lead the reader to imagine he 
understands a subject when he only remembers the 
technical phrases in which it is conveyed, having ac- 
quired nothing more than that species of mere word- 
knowledge deplored by Bacon — 

" Qui voces artis habeant in promptu, etiam artes ipsas per- 
didicisse existimentur." 

It is further necessary, that the intelligent reader 
who shall happen to compare these articles with any 
other treatises that may have recently appeared, 
should be apprized that a great part of them was 
written a considerable time ago, and that the com- 
mencement was actually in the press two years before 
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the present^date of publication ; its alphabetical place 
in the Encyclopaedia, and other impediments, having 
delayed its app|aranee till now. 

The author wdttld be unjust to the editors of the 
Encyclopaedia Britannica did lie not acknowledge the 
benefit this article has derivi'^hnfic>ni^^eir supervision. 
The multifarious duties of his prcffi||||Qii9 ^^^ P^o* 
longed absence from home and on the i3oiitinent, 
have in a great measure precluded his own supervi- 
sion of the press. To them belong at once the merit 
and the responsibilities of the active editorship of 
these articles. 

The application of the steam-engine to locomotive 
purposes has already been treated in the article " Rail- 
ways " in the former volume of the Encyclopaedia. 

The literature, as well as the science, of steam navi- 
gation is still very imperfect ; and this article can only 
be considered as contributing some mat'erials towards 
a treatise on that subject. Imperfect though it be, 
it contains the results of many years of laborious re- 
search and personal examination and experience. The 
historical statements are made on the highest au- 
thority, the oral or written testimony of eye-witnesses 
of the facts communicated to the author. The 
generalized facts of the latter part represent the qua- 
lities and performance of the chefcTceuvres of the best 
constructors, in most cases ascertained personally by 
the writer in his own experience, or directly communi- 
cated. Where he has committed errors or omissions 
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he will gratefully receive correction— especially from 
any kind readers who may happen to be acquainted 
with the merits of any one who lutff^contributed to 
the advancement of steam m^mption, and of whose 
achievements the antlior has the misfortune to be 

ignorant. ^P "-%* 

Many of ^dMraluable drawings from which the 
plates wei^l^ngraved, have been contributed with great 
^ndhess by the engineers whose work they are, and 
whose names they honour. 

The reader who consults an article of an Encyclo- 
paedia, will not expect to find every thing said con- 
cerning every one of the subjects that are within its 
title. The following memorandum may be of service 
to the reader whom these pages may inspire with the 
wish to know more of the subject. 

Mr Farey's large quarto volume on the steam- 
engine, is the most satisfactory work ever published 
on those departments of the subject which it compre- 
hends ; but unfortunately the work is still incomplete. 

Mr Stuart's historical writings on the steam-en- 
gine are well worthy of perusal. His research has 
been unwearied, and, although microscopic critics 
have detected minute errors, he is in general most 
trustworthy. 

M. De Pampbour's treatise, and MrRoBERT Ste« 
phbnson's, contain clear descriptions and excellent 
experiments on the application of the steam-engine to 
railway transit. 
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V Mr GoRDON*s "Treatise on Elemental Locomo- 
tion/' gives an interesting account of almost all that 
bas been done'lbr the introduction of carriages pro- 
pelled by steam onegmmon roads. 

" Tredgold's Treatise on the Steam- Engine," 
contains several interesting triiets ttd many valuable 
plates. ^*4i^. 

Besides these, the engineer's library on 9team now 
contains above a hundred volumes, for the titles of 
which he may consult bibliographical works. He 
will find interesting discussions, valuable facts and 
ingenious devices in steam spread through the journals 
of the last thirty years — especially in the transactions 
of the Royal Societies, the Philosophical Magazines, 
the Mechanics' Magazine, the Patent Registers, and 
Nautical, Railway, and Engineers' Journals ; — from 
all of which the author has obtained much valuable 
information. 

Virginia House^ Greenock^ 23d April, 1841. 



THE STEAM-ENGINE. 



It is a singular peculiarity in the history of the steam- 
engine, that, ever since the period which exhibits the 
earliest traces of its embryo, it has continued slowly and 
gradually to advance with the flow of time towards its 
present state of high maturity, though not yet, perhaps, 
of ultimate perfection. Other arts and inventions, once 
well known and successfully used, after having attained 
a certain measure of perfection, have again been lost 
sight of amid the ruins of empires and the revolutions 
of nations, never more to be rescued from oblivion. 
While some of these, on the one hand, have sprung sud- 
denly up into maturity, arrayed in the panoply of imme- 
diate power, being sent as it were directly by divine 
mission, to perform some important part in the destinies 
of the world, perfect from their birth, there exists 
another class of inventions and of sciences that have 
themselves undergone so many revolutions as, in the 
later part of their history, to present nothing more than 
the name in common with the maturer knowledge of the 
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present day. Bat oar knowledge of the properties and 
powers of steam, and its agency by a steam-engine^ differs 
in every way from the progression of other arts and other 
knowledge* Known in the earlier ages of Egyptian 
science, it appears to have played its part in adding to 
the imposing effect of those stupendous monuments of 
absolute power which the storms of thopnnds of years 
have failed to obliterate. In the more refined ages of 
Greece, steam appears to have ministered alternately to 
the elegance of Attic luxury and the delusions of heathen 
idolatry; and to have become extensively known until 
the destruction of the Alexandrian schools of science dis- 
persed those seeds of mechanical science which the flames 
of its library have spared to Western Europe ; and there, 
imbedded in the ruins of learning during the dark ages 
of second barbarism, they lay preserved, but unfructi- 
fying, among the other remains of the learning of the 
middle ages ; and when at length the light of knowledge 
once more dawned on Europe, the science of the Greek 
philosophers was exhumed from the rubbish which had 
concealed it, and revealed to the dawning light by the 
mighty lever of the press. The work of Hero on 
Pneumatics ctnd Steam Machinery was one of the finest 
and earliest specimens of the art of printing. Since that 
time the science of steam, and the art of constructing 
the steam-engine, have made slow, regular, and progres- 
sive advancement, until this mighty work of many hands 
has at last attained a prominent importance in the inter- 
ests of humanity, and become a mighty element in the 
future destinies of the world. In this remarkable course 
there has been no retrogradation. Centuries have added 
their contributions to the elucidation of its principles and 
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the perfection of its mechanism ; but no great revolution 
has ever thrown back, nor any single effort reproduced 
the mighty machine. 

It is this peculiarity which has induced us to present 
to our readers the history of the steam-engine as the most 
apt and useful introduction to the perfect comprehension 
of its principles and structure. In many other subjects the 
history of the science or art is little more than an in- 
teresting and curious antiquarian research, fascinating 
to the virtuoso, and even instructive to the historian 
or philosopher, but by no means necessary, or even con- 
ducive, in any degree, to the acquisition or comprehen- 
sion of the modern condition of our knowledge. What, 
fur instance, have the astronomical systems of the Chal- 
dees or the Greeks to do with the Copemican system of 
modern astronomy ? In what degree would a learner 
be assisted in comprehending the sublime doctrines of the 
celestial mechanics of Newton, by having made him- 
self thoroughly acquainted with the cycles of Hipparchus 
and Ptolemy, the crystal spheres of Frascatorius, or the 
multitudinous epicycles of Purbach ? But with our know- 
ledge of the phenomena and the powers of steam, the case 
has been widely different. The progress of the steam- 
€ngine has been co-ordinate with the progress of the human 
mind in physical truth. The history of the past improve- 
ments of the steam-engine is therefore the history of the 
human mind ; and the same phases which have been seve* 
rally presented, at widely separated epochs, by successive 
inventors, are the very phases of gradually growing 
knowledge by which a single individual mind does most 
naturally and most profitably proceed, step by step, to the 
full blaze of light which is thrown upon this subject by 
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the illumination of modem science. Of so large a sub- 
ject, one part only can be studied at a time, and that 
succession of parts by which they enter into the mind in 
easiest transition is the very succession in which history 
presents them to us. 

We shall therefore divide this subj^ into two parts : 
the first containing a description of the steam-engine, and 
the elucidation of its principles, in historical order ; the 
second forming a description of the functions and parts of 
the modern steam-engine. 

Part I. — Historical Description of the Steam- 
Engine. 1. The Era of the Ancients. 2. The Era 
OF Worcester. 3. The Era of Watt. 

1. The Era of the Ancients. 

The knowledge which some of the ancients possessed 
of the constitution of steam is remarkably in accordance 
with the most recent modern conclusions on this species 
of matter. Steam is now known to be only one of the 
common airs or gases whose particles at one degree of 
heat and of pressure assume a liquid form, and at another 
temperature and pressure become solid ice. 

The modern doctrine concerning matter may be thus 
stated ; that matter is known to exist in four conditions — 
solid, liquid, aerial, and etherial. Earth and stone are 
exemplars of solid matter ; water and mercury of liquid 
matter ; the atmosphere, and smoke, and steam, of aerial 
substances ; caloric, light, and electricity, of etherial mat- 
ter. It is further the doctrine of modem physics that no 
kind of matter exclusively possesses one of these condi- 
tions as its distinguishing property, but that all may, in 
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certain circumstances, assume different conditions. Stone 
is not essentially solid, for, by the action of heat, it may 
be melted under pressure ; and iron or lead, though 
usnally solid, may be presented in the liquid form ; and 
the earths hare likewise assumed the form of liquids 
when the contrivance of the chemist )ias succeeded in 
placing them in appropriate circumstances. Neither is 
water essentially a liquid, for, when frozen, it becomes a 
solid, with which we may construct houses, bridges, 
utensils, and even floating structures capable of navigating 
the ocean ; and, on the other hand, it is sometimes re- 
duced into the vaporous or aerial form, as when the wa- 
ter of a vessel, acted on by heat, is wholly dissipated and 
dispersed in an invisible form in air. 

It is also to be observed, that the condition of a body may 
be changed by the agency of heat. Solid ice, solid mercury, 
or solid lead, by the addition of heat, are converted into 
liquids, or are melted ; and form liquid ice, (called wa- 
ter,) liquid mercury, (called quicksilver,) and liquid lead, 
(which has no separate name.) If to the liquid thus pro- 
duced from the solid we add a certain other portion of 
heat, which will separate its particles still further from 
each other, the matter thus di£Fused over more ex- 
tended space becomes reduced to the aerial condition of 
steam, of mercurial or lithargical gas, or transparent va- 
pour. But still the matter has undergone no constitu- 
tional change. It is only necessary to remove the heat, 
and the particles will again come together and resume 
their primitive form. By cooling down the aerial gas into 
which the matters had been dissipated, or even by com- 
pressing them, so as to contract them into their original 
bulk and bring them together into their original prox- 
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imity, the particles will once more resume their pristine 
form, the vapour will respectively appear as drops of li- 
qaid water, mercury, or lead, and those liquids being 
more condensed, will congeal into the original solid masses 
of solid ice, solid mercury, and solid lead. The most re- 
fractory gases have actually been found to obey this law, 
and we have no doubt that every substance in nature might 
successively be presented to the senses in every one of 
these forms. 

The following passages, taken from the Timaus of 
Plato, present a remarkable accordance with these en- 
larged views of the constitntion of steam and other 
gases : — << Let us therefore speculate concerning the 
nature and properties of fire and water, air and earth. 
This is the more arduous, because it is necessary to call 
into question, concerning each and all of them, whether 
they should be denominated liquid rather than etherial, 
or aerial rather than solid ; or why any thing should 
have one of these appellations rather than all. For, 
in the first place, that which we now call * water,' being 
congealed, becomes (hard) as a stone or earth, but being 
melted and diffused becomes gas or air, and this infiamed 
becomes fire, and fire extinct becomes again congregated 
into air, and air collected and condensed forms mist and 
cloud, and these again, more compressed, form water, and 
from the water earth and stone are reproduced. And 
thus they, in an endless circuit, produce each other. 
Since, then, these now appear to be the same, who will 
assert that one of them is of the one kind rather than the 
other ? It is most safe, therefore, to speak thus : that the 
thing we see is not absolute liquid, but something in the 
liquid state. That air is not necessarily a gas, but some- 
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thing in the gaseous state ; not as being a particular thing 
of this or that specific nature, but that it is in such and 
sach a condition." 

<< Let us then distribute the four modifications of matter 
into fire, earth, water, and air ; and to earth let us assign 
an entical form, for it is the most immovable of all 
these kinds — to water that which is less movable than 
the other three — to fire the most easily movable form — 
and to air that which is intermediate." 

It appears to us highly probable that the ancients knew 
more of the phenomena of steam than has been generally 
admitted. One evident cause ^of this mistake is the cir- 

4 

cumstance that no specific term equivalent to the word 
steam was generally used by them ; and water, when 
heated, was said to be converted into an air. It is 
now almost perfectly established by the progress of 
modern science, that steam is an air, (or gas,) invisible 
and perfectly transparent, differing in none of its mecha- 
nical properties from common air or gas, and in no 
respect differing in its constitution from carbonic and 
other gases or airs which, at certain temperatures and 
pressures, do, like steam, leave the elastic aerial form 
and become condensed. Many of the phenomena, there- 
fore, for which the ancients use the word air, are effects 
of steam, or of steam mixed with air; and although 
they have not always carefully distinguished these sepa- 
rate effects, yet they have frequently made judicious use 
of them. While, therefore, it would be wrong to draw 
any parallel between the want of individualization mani- 
fested in their writings, and the high generalization of 
modem science, it would be equally wide of truth to 
deprive them as has sometimes been attempted, of the 
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merit of having discovered and used some of the proper- 
ties of water in the aerial state, simply because they 
supposed it rarefied into an air, and confounded its pheno- 
mena with those of other gases, which, mixing with it, 
also contributed to the effect — as when we find that air 
rarefied by heat, and water rarefied into air, are men- 
tioned. 

Hero of Alexandria, in his P)ieumaficst has col- 
lected the science and inventions of the ancients, along 
with some of his own, into a systematic treatise, written 
in Greek, more than 120 years before the Christian era, 
some passages of which are identical with portions of 
modern treatises on pneumatics : and many portions of his 
apparatus may be found transformed into modem expe- 
rimental models in cabinets of the physical schools. Now, 
in the introductory portion of his work, we have such 
statements as these : — Water is transformed into air hij 
the action of fire* For the vapours of 1)011171 g caldrons 
are nothing else than atteniiated moisture expanding info 
air* Indeed, by the four elements the ancients appear 
to have meant the same things which we now desig*- 
nate by different terms. We comprehend all the mate- 
rial agents with which we are acquainted under the four 
great designations, solids, liquids, air, and ether. So 
exactly had the ancients their wv^ and «}ig, l^u^^ and 
yii, to which they assigned different regions accord- 
ing to their weight ; first, the solids or earth, then the 
liquids above, next the aerial covering, and finally the 
region of ether extending indefinitely beyond. The mo- 
dems have shown that all bodies are probably capable of 
assuming any of the three state<i, and becoming solid, 
liquid, or fluid, according to the circumstances in which 
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they are placed ; and we have every reason to believe 
that Timeeus, of whom Plato speaks with so much reve- 
rence, entertained the same idea, and believed that even 
the air might assume the state of a crystalline solid. It 
is not a little curious to find a mathematician of the pre- 
sent day giving it as a result of his calculus, that the air 
at a great distance from the earth is actually frozen into 
a crystalline solid by the extreme depression of tempera- 
ture. He was probably not aware that his notion had 
been anticipated more than 2000 years. In this same 
work of Hero, we have descriptions and explanations of 
apparatus, in which the power of fire acting on moisture 
and air is made to produce phenomena 'of motion. He 
does not arrogate to himself the merit of these inven- 
tions, but has given them as principally a collection from 
the works of those ancients who had long preceded him — 
the ancient philosophers and mechanics. 

His Pneumatics commence with a lucid and excellent 
dissertation on the properties of air as a medium for the 
communication of pressure and motion, and especially 
upon the nature and efPects of a vacuum, subjects to be 
thoroughly understood byall who would master the theory 
of the steam-engine. It is, indeed> as the means of pro- 
ducing a vacuum, that steam obtains much of its value as 
a mechanical power. The mode of raising water by a 
vacuum is thus described by him : — " When they wish 
to fill with water the round medical glasses which have 
slender long necks, they suck out the air which is con- 
tained in them, and, closing the orifice with the finger, 
they invert them in the water, and on removing the 
finger the water is drawn up into the vacuous space, in 
contradiction to the usual law of fluids.'* He then pro- 
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ceeds to state that, " in like manner, air may be rarefied 
by heat even as other substances are ; for water is changed 
by fire into air, the vapours from boiling caldrons being 

nothing else than expanded 
water taking the form^ of air, 
and that mists and clouds are 
nothing else than water raised 
in the air by. heat, which are 
partly afterwards converted into 
air, while portions again descend 

in rain." He also 
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attributes the ori- 
gin of winds to the 
<< expansion and 
contraction of air 
and moisture by 
the alternate heat- 
ing and cooling 
produced by the 
gun's rays ;" and 
illustrates the conversion of liquids into air or gas by the 
common observation, that, after a lamp has gone out, the 
vapour continues to rise np by the heat still left in it by 
the flame. Thus also, says he, a phial being filled with 
heated air and inserted in water, this air contracting will 
draw up water into the phial. Hence, he argues, that all 
airs consist of inconceivably small particles of matter, 
between which there are left wide vacuous spaces, so 
that, while the matter itself is incompressible, the volume 
occupied by the aggregate may be increased and dimi- 
nished, and the air rarefied and condensed either by 
external force or the action of heat. 
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The following description 
of the manner in which the 
force of steam, issnin^ from 
a boiler, maf be applied to 
supporting aweight, iii given 
in the Pneumatics. " A boil- 
er, perforated on the top, is 
placed on the fire. From the 
perforation there proceeds a 
tube, on whose extremity is 
fixed a hollow hemisphere 
perforated in like manner. 
If then we place a light ball 
in the hemispherical cup, it 
will follow that the vapour 
rising up from the boiler 
through the tube will sup. 
|iort the sphere, and it will 
appear to dance." 

There is another appa- 
ratus in the Pneumatics 
for the purpose of pro- 
ducing a revolving mo- 
tion by the action of 
steam — " by a caldron 
placed on a fire to give 
motion to a sphere 
around its axU, Let a 
boiler be set on the fire, 
and nearly filled with 
water, and let its mouth 
be closed in by a cover, 
and let it be pierced with 
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an opening through the bent tube, whose extremity 
exactly fits into the hollow sphere. But at the opposite 
■extremity of the diameter let there be an iron axis 
supported from the top of the cover ; and let the sphere 
have two bent pipes at the ends of a diameter per- 
forated along with it, and bent round in opposite 
<iirections ; and let the bendings make right angles and 
be in the plane perpendicular to the axis. Then it 
will follow that, on the boiler being heated, the vapour 
rushing through the tubes into the sphere will rush 
•out through the reversed pipes of the ball, and whirl it 
round on its axis." 

The same apparatus, on similar principles, is next 
applied by Hero to the construction of a machine still 
more curious. The agent mentioned in this case is 
rarefied air, although the action is of precisely the 
same nature. Here the science of the philosopher 
appears to have been degraded to the base use of 
assisting an idolatrous priesthood in deceiving the popu- 
lace by the resemblance of miraculous interference. 
** A fire having been kindled upon an altar, living 
figures will appear to lead a choral dance, even although the 
altar itself be of transparent glass or horn. Through the 
«pipyras a pipe is to be let down to the base of the altar, 
where it is to revolve on an iron pin, the other end being 
passed through a tubular fitting attached to the epipyrus. 
And this pipe is to have other little cross pipes attached to it> 
and perforated, so as to communicate with it, (which are to 
radiate opposite to one another around it,) and turned alter- 
nately in opposite directions in the ends. There shall like- 
wise be a dram attached to it, upon which the figures of the 
dance are to be set. Then, by the action of the kindled fire, 
the air, being warmed, will proceed into the pipe, and, from 
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it being driven out throngb the bent tubes in tbe 
of the altar, will turn round the pipe and its drum." 




The following U probably tbe most excellent of all 
Hero's apparatus, inasmucb as in it tbe action of Bteam 
produced by fire from water is employed fur tbe pur- 
pose of elevating a fluid above its level, and transferring 
it from one place to another. The design of tbe appa- 
ratas is still, nnbappily, to serve tbe purposes of super* 
Btitious worship. " The (ire of an altar having been lighted, 
two figures of living things are to assist at the sacrifices', 
and tha figiire of a dragon is to sybiilate," (or give foi-tli 
Rouads to be interpreted as oracles.) 
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" There is to be a hollow basis or pedestal « j3, (fig-. 7,) 
upon wbich is set the altar y, having a tube 3 ■ descending 
to tbe middle of the basis, and 
there separated into three 
branches; the tubei^passing 
to the moutli of the dragon, 
the tube ■ I « being carried 
to the vessel ■ x containing 
wine, and placed at the top 
of the figure ft, and accu- 
rately joined into its cover; 
and into the tbird tube i > ;, 
which, in like manner, as- 
cends into j, another vase 

holding wine, and is also ^ ^ . " 

accurately imited to tbe top ' 

of tbe vase. Both ends of the two vases are to be care- 
fully closed. There are to be in botb the wine vessels 
Fig. 8. 





bent syphoiiB ( r r z, of which tbe one extremity is in 
the wine, and the other extremities, proceeding by an 
opening rendered perfectly close through the covers of 
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the vases, are conducted to the hands of the figures offi- 
ciating at the sacrifice. When, therefore, you are about 
to sacrifice, you must pour into the tubes a few drops 
lest they should be injured by heat, and attend to every 
joint lest it leak ; and so the heat of the fire, mingling 
with the water, will pass in an aerial state through these 
tubes to the vases, and, pressing on the wine, make it 
pass through the bent syphons, until, as it flows from 
the hands of the living creatures, they will appear to 
sacrifice as the altar continues to burn, and the other 
tube being carried to the mouth of the dragon, will make 
it give forth sybilline sounds.'* 

There appears to be considerable reason to suppose 
that, to their knowledge of the mechanical powers and 
the elements of machinery, the Egyptians added some 
acquaintance with the power of steam, applied, however, 
only to the degraded service of superstition. The statue 
of Memnon is said to have emitted sounds which Pausanias 
compares to those produced by the snapping of the strings 
of a harp. Strabo expressly states that he heard them ; 
and Philostratus states, that when the sun shone strongly 
on the statue, sounds proceeded from its mouth similar to 
those of a stringed instrument. Hero of Alexandria in 
his Pneumatics, Salomon de Caus in his Raisons des Forces 
MouvanteSy Athanasius Kircher in his CEdipus Egyp^ 
tiacusy and Cribellus in his Machinosa Miracula Mem- 
nonisy have all explained in different ways the mecha- 
nical arrangements by means of which effects of this 
kind might have been produced from the steam raised 
by the heat of the sun in close vessels contained in the 
statue, and having communication with organ pipes of 
different kinds. 
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The Romans appear to have done little for the mecha-- 
nical arts, and nothing for the improvement of steam 
apparatus. It was not until the dawn of knowledge suc- 
ceeded the darkness of the middle ages, that the light 
reflected from the works of Hero, and the older mechani- 
cians, rekindled the flame of mechanical invention. The 
works of Archimedes and of Hero were read with great 
avidity, and formed some of the most popular produc- 
tions of the young art of printing. The flame seems 
first to have been lighted in Italy, for we have editions 
and translations of Hero's Pneumatics rapidly succeeding' 
each other ; the Bologna edition of 1547, translated by- 
Giovanni Baptista Aleotti, was reprinted at Ferrara in 
1589 ; Commandine*s translation was published in 1575^ 
Alessandro Giorgi*s in 1592. There were other editions 
of less note ; and thus in a single century eight or nine 
editions were issued. It was not to be expected that the 
seeds of mechanical knowledge, so widely sown, should 
not fall on some rich spots of soil, where they should 
bring forth fruit with increase. 

Giambattista della Porta was one of the ablest and 
most ingenious expositors of the principles of pneumatics. 
A work which he published on this subject contains the 
following passage : — " Make a box of glass or tin, having 
at the bottom an aperture, through which is inserted 
the neck of a distilling flask, containing one or two 
ounces of water, and let its neck be cemented into the 
bottom of the box, that there be no escape. About the 
bottom of the box let there rise up a pipe at such a dis- 
tance from the bottom as to permit the water to escape, 
which pipe passing through the cover shall rise a little 
way above its surface. The box is to be filled with water 
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by an aperture which is to be well closed, so that no 
air may pass. Finally, place the said bottle on the fire, 
and heating it slowly, the water being gradually dis- 
solved into air, will press upon the water in the case, 
and pressing with great force upon the water which 
issues through the pipe (the steam,) will not make its 
escape. And if we continue the application of heat, the 
whole of the water (in the flask) will be at last ex- 
hausted ; and while the water is evaporating, the air 
(vapour or gas) will constantly press on the water in the 
vessel, and the water will continually issue out. The 
exhalation being finished, if you will measure how much 
water is out of the box; that which is in the place of 
the water gone out, will give the measure of the remain- 
ing water. Thus you find, from the quantity of water 
used, how much water was dissolved into so much air. 
And, in like manner, also, you can measure into how much 
of more rarefied air, air of the ordinary density can be 
dissolved." * 

Here we perceive that the knowledge of the conversion 
of water into air or gas, taught by Hero's Pneumatics, was 
extending itself in that country, and leading to further 
contrivances ; and we have also a beautiful and simple 
experiment, designed for the purpose of determining the 
philosophical question, which formed an interesting sub- 
ject of research at a very recent period of physical en- 
quiry, ^^ how much aqueous gas is formed by a given 
quantity of water." The method is not perfect, for a 
considerable part of the vapour would be reconverted 

* J. B. Portae Pneumaticorum libri tres. Neapoli; 1601, 4to. / 

B 
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into Wiiter in the progress of the experiment ; yet it 
shows an acquaintance with the fact, that water heated 
by fire is converted into aqueous air with snffident 
force to raise water above its level, and form a running^ 
stream, although, in this case, of no very considerable 
height. 

The spirit of invention, aroused by the first translation 
of Hero's works, did not confine itself to the country in 
which these works were first disseminated, but spread- 
ing gradually northwards, displayed itself in the works 
of an architect and engineer, Salomon de Cans, who had 
come to England in 1612, and was employed by the 
Prince of Wales, afterwards Charles I., to design grottoes, 
fountains, and other hydraulic ornaments, for the embel- 
lishment of the prince's palace at Richmond, and for the 
gratification of his Royal Highness's " gentille curiosite." 
These, with other machines, were published by him in 
a work entitled " Les Raisons des Forces Mauvantes, avec 
diverses machines tant utiles que plaisantes ; anxquelles 
sont adjointes plusieurs desseins de grottes et fon- 
taines, augmentees de plusieurs figures." Frankfort, 
1615, fol. 

The work of De Caus is prefaced by an exposition of 
the principles of hydrostatics and pneumatics, evidently 
derived from the writings of Archimedes and of Hero* 
Among other things, he states that the violence with 
which water is dissolved into air by means of fire is very 
great, and that it is quite certain that a ball of copper 
containing water, if placed on a fire, would be infallibly 
burst. ^< La violence est grande quand Teau s^exhale en 
air par le moyen du feu • . il est certain que si 
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Ton met la dite balle snr un grand feu, en aorte quelle 
derienne fort chande, il se fera nne compression si violente 
que la balle ere vera en pi feces." 

Fig. 9. Fig. 10. 




De Caus's DiagTam. Hero's Diagram. 

He afterwards proceeds to show how a jet of water may- 
lie made to rise above its level, and play in tbe air by means 
of fire. A copper boll A, (fig. 9,) has a tube D, furnished 
witli astop-cock, by which water is forced in and it is then 
closed. Another tube, B C, is closely fitted to the same 
ball, but passes down to the bottom, wliere it opens amongst 
the water ; a stop-coclc regulates its openiog, and im- 
mediately above the cock the pipe terminates in the orifice 
of a small jet d'eau. In fact, the apparatus is precisely 
tliat which Hero uses for raising a jet dean, but without 
nsing the action of beat, when he forces air above the 
water, and condensing it, raises a jet of water by its pres- 
sure, (as exhibited in fig. 10.) Of course, the heat of 
the fire produces the same elastic force in De Cnus's 
machine, by which the jet is made to play in Hero's. 

There seems no reason to doubt that Salomon de Caus 
was a Frenchman by birth, and be is said to have been 
a native of Normandy.* In dedicating to the French 

* Biograptiie Universelle, torn. vil. p. 433. 
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monarch an edition of his work, he describes himself as 
one of his Majesty *s subjects. After leaving England, he 
settled in Germany, where the Elector Palatine intrusted 
him with the superintendence of his buildings and of his 
gardens. He finally returned to France, and died there 
about the year 1630. He has sometimes been confounded 
with Isaac de Cans, a native of Dieppe, and a descendant 
of the same family. The latter published a work, en- 
titled, ^^ Nouvelle Invention de lever I'Eau plus haut q ue 
sa source, avec quelques machines mouvantes par le moyen 
de Feau, et un discours de la conduit d'icele." Lond. 
1644, fol. This work contains many machines identical 
with those described by Salomon de Caus; and the simi- 
larity of subject, treatment, and title of the two, has led 
those into much confusion who may not have examined 
both. Even the pains-taking and industrious Stuart seems 
to have been deceived, and calls Isaac's book a later edi- 
tion of Salomon's. 

The direct emission of steam from an orifice of the 
boiler, which had been used by Hero to sustain the ball 
in the air, was applied by Branca, an Italian architect and 
engineer, to impress a revolving motion on the vanes of a 
wheel like a common mill-wheel, and this communicating* 
with a series of toothed wheels to a series of pestles in 
mortars, was employed to give them motion. This, and 
many other machines of which he does not claim the 
original invention, but which he states he collected from 
the inventions of others, were published in a quarto 
volume, entitled Le Machine. " Volume nuovo et di 
molto artificio da fare efietti maravigliosi si tanto spiritali 
quanto di animale operatione: arrichito di bellissime figure 
conle dichiarationi a ciascuna di esse in- lingua volgarc et 
Latina^ del Sig. Giovanni Branca, cittadino Romano, in- 
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gegniero et architetto della sta. casa di Loretto. In 
Roma, M.DC.XXIX.'* This period appears to have teemed 
with curiosities of mechanical invention ; and the learned 
virtuoso who would take the trouble of ransacking the 
mechanical productions of the sixteenth and seventeenth 
centuries, would be able to collect materials for an inter- 
esting, curious, and amusing volume. Perpetual motions 
were very common ; wings for enabling men to fly in the 
air, mechanical chariots for a similar purpose, conveyances 
to the moon, and engines for making continual and cheap 
music by mills or by fire, for rocking of cradles and turn- 
ing of spits, were favourite subjects of design ; and many 
of these curious contrivances, without serving any definite 
purpose, form elegant and curious pieces of apparatus. 
We are now passing from the era of the curiosities of 
mechanical contrivance, into that period in which the 
same principles that actuated the toys of Hero and the 
automata of Kircher were to be applied to set in motion 
mighty machines for the advancement of the welfare of 
the human race. 

2. The Era of Worcester, 
Edward Somerset, Earl of Glamorgan and Marquis of 
Worcester, invented and constructed the first steam-en- 
gine. His title to this honour has been the subject of dis- 
pute, some historians attributing to him a greater share 
of merit than there was sufficient evidence to warrant, 
while others deprive him of even that honour to which he 
possesses an indefeisible claim. His life is one of the 
most romantic chapters of English history. Enterprising, 
generous, disinterested, and confiding, he was at once 
beloved and betrayed by his king, loaded with honours 
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and reduced to poverty ; at one time exercising almost 
without control the functions of the sovereign, conferring 
dignities from the rank of marquis down to baronet, and 
at another thrown into prison, and begging from a creditor 
the paltry loan of five pounds. Possessing inventive 
genius of the highest order, he wasssonsidered a mad en- 
thusiast because his speculations were advanced far be- 
fore the age in which he lived, and he has been set down 
a quack and impostor by men incapable of comprehending 
the nature or appreciating the value of his creations. The 
slow march of knowledge and of time has at last revealed 
the worth, and established the character, of an illustrious 
and unfortunate man of genius, who only lived to com- 
plete his mighty design and carry it happily into effect, 
and having done his work, went to take his rest in death. 
That the Marquis of Worcester was acquainted with the 
nature and force of steam, no one has ever disputed ; but it 
hasbeenmatterof serious doubt whether the machine which 
he has described had ever any real existence. Hitherto 
we have had nothing more than circumstantial presump- 
tive evidence of the actual construction of the marquis's 
steam-engine. It is only a few years since the industry of 
the indefatigable antiquary Robert Stuart has presented 
us with an historical document of undoubted authenticity, 
affording undeniable proof of the existence and efficiency 
of one of the engines of the Marquis of Worcester, of 
more than two horse power, employed for raising water on 
the Vauxhall side of the river Thames. As the Marquis's 
title to the invention has not yet been established in any 
of the numerous treatises on the steam-engine that have 
hitherto appeared, and as the proof we are now able to 
adduce must for ever eet at rest the querulous cavillings 



MARQUIS OF WORCESTER, 23 

of those otherwise respectable writers who have attempt^ 
ed to controvert the great truth that the steam-engine is 
a machine wholly of British invention, we shall give a 
short account of what the marquis undoubtedly accom- 
plished. 

We are principally indebted for our acquaintance with 
the mechanical inventions of the Marquis of Worcester 
to a work in which he published a list of one hundred 
of his mechanical inventions, under the title of " A 
Century of the Names and Scantlings of such Inven- 
tions as at present I can call to mind to have tried 
and perfected, which (my former notes being lost) I 
have, at the instance of a powerful friend, endeavoured 
now, in the year 1655, to set these down in such a 
way as may* sufficiently instruct me to put any of them 
into practice." Lond. 1663, 12mo. Of this remark- 
able work there are several other editions. The fol- 
lowing are the passages which have immediate refe- 
rence to the high-pressure steam-engine .which he had 
invented and made. It may be proper to premise, 
for the purpose of preventing the supposition from 
being entertained that it was impossible to get devices 
of so complex a nature carried into effect at a period 
when the mechanical arts of construction had made so 
little progress, that he had employed constantly in his 
service, during a period of five-and-thirty years, one of 
the most eminent artificers of the time, one Caspar Kal- 
to£F, and that he had provided him with suitable work- 
shops, tools, and machinery, at an expense of more than 
ten thousand pounds. It thus appears that the marquis 
was no mere schemer, but that he submitted his devices 
to the test of experiment ; and it is merely not passing 
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the bounds of credibility to suppose, that, with fertile 
resources, an active and inventive mind, the best tools, 
an ^^ unparalleled *' artificer, and the expenditure of great 
sums of money, he had in five-and-thirty years con- 
structed machines of such perfection as no other artist 
of his age had accomplished, and few of the hangers- 
on of a royal court could understand or appreciate. No 
one who is acquainted with the modern high-pressure 
steam-engine can fail to recognise it in the following spe- 
cification, which, be it observed, was given by the mar- 
quis rather for the purpose of exciting curiosity than 
gratifying it — for stating the capabilities of his engine 
than explaining its principle, which he wished to keep 
secret for the purpose of obtaining a patent. 

" Invention 68. — An admirable most forcible way to 
drive up water hyfire; not drawing or sucking it up- 
wards, for that must be, as the philosopher calleth it, 
< infra sphseram activitatis/ which is but at such a dis- 
tance, hut this way hath no bounder ^ if the vessels he strong 
enough; for I have taken a piece of a whole cannon^ 
whereof the end was burst, and filled it three quarters 
full, stopping and screwing up the broken end, as also 
the touch-hole, and making a constant Jire under it; 
within twenty-four hours it hurst and made a great crttek .• 
so that, having found a way to make my vessels so that 
they are strengthened by the force within them, and the 
one to fill after the other, I have seen the water ran like 
a constant fountain forty feet high. One vessel of water, 
rarefied by fire, driveth up forty of cold water ; and a 
man that attends the work is but to turn two cocks, that 
one vessel of water being consumed, another begins to 
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to force and refill with cold water, and so succes- 
sively." 

The internal evidence of the truth of this descrip- 
tion is too strong to he resisted. We cannot say what 
ideas it may have suggested to such a man as Lord 
Orford, who was probahly as ignorant of mechanical 
principles as he was devoid of candour and charity to a 
man of principles and religion different from his own ; 
but to any one conversant with the mechanical contrivances 
and treatises even of that time, it was scarcely possible 
to read the sentence without forming a distinct concepi- 
tion of a similar apparatus to that here described by the 
marquis. We shall see that the description was so per- 
fect as to enable a subsequent mechanician to reconstruct 
the machine of the marquis, with some additions, and 
produce an effective machine for draining mines. We 
see, too, how philosophical was the process by which he 
advanced to the construction of his machine. He made 
experiments of a conclusive nature on the boundless 
force of steam. He found that the only impediment to 
its use was the want of sufficiently strong boilers ; and 
his having found a way to make his vessels so as to be 
strengthened by the force within them, merely shows that 
he overcame the difficulty of making steam-tight joints 
by using internal flanges, which should become tightened 
by the pressure of steam within them. There is also 
internal evidence of the genuineness of his description in 
the statement of the quantity of water converted into 
steam for the effect of raising the water, — << one vessel 
rarefied by fire driveth up forty of cold water,'* is a mea- 
sure of the power of steam far within the compass of its 
capability. Even under most unfavourable circum- 

c 
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Stances^ an unprincipled exaggerator would not have 
contented himself with this moderate statement of its 
actual power. 

But we have not yet concluded the marquis's descrip* 
tion of the nature of his stupendous prime-mover ; for his 
mind, in dwelling upon its principles, applications^ and 
powers, gradually hecame assured that his engine was to 
become the most important and powerful agent in the 
whole world, and appears, even at that remote era, ta 
have obtained a glimpse of the multifarious avocations 
and powers of the modem steam-engine. He proceeds to 
describe '^ an engine so contrived, that working the pr«« 
mum mobile forward and backward, upward or downward , 
circularly or cornerwise, to and fro, straight upright or 
downright, yet the intended operation continueth and 
^dvanceth, none of the motions above mentioned hinder- 
ing, much less stopping the other, but unanimously and 
'With harmony agreeing, they all augment and contribute 
•strength unto the intended work and operation ; and 
therefore I call this a semi-omnipotent engine, and do 
intend that a model thereof be buried with me." 
( '< How to make one pound weight to raise an hundred 
^8 high as one pound falleth, and yet the hundred pound 
descending doth what nothing less than one hundred 
-pounds can effect." 

^^ Upon so potent a help as these two last-mentioned 
Inventions, a water-work is, by many years' experience 
^and labour, so advantageously by me contrived, that a 
child's force bringeth up, an hundred foot high, an in- 
tiredible quantity of water, even two foot diameter, so 
tiaturally, that the work will not be heard into the next 
Toom ; and with so great ease and geometrical symme- 
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,try, though it work day and night from one end of the 
year to the other, it will not require forty shillings' repa- 
ration to the whole engine, nor hinder one day*s work; 
«nd I may boldly call it the most stupendous work in the 
whole world ; and not only with little charge to drain all 
«orts of mines, and furnish cities with water, though 
never so high seated, as well as to keep them sweet, 
running through several streets, and so performing the 
work of scavengers, as well as famishing the inhabitants 
with sufficient water for their private occasions, but like- 
wise supply rivers with sufficient to maintaine and make 
them portable from towne to towne, and for the bettering 
of lands all the way it runs, with many more advantage- 
ous and yet greater effects of profit, admiration, and 
consequence ; so that, deservedly, I deem this invention 
to crown my labours, to reward my expenses, and make 
my thoughts acquiesce in the way of further inventions.'^ 
To any one who is familiar with the advantages which 
such cities as London derive at this moment from having 
the water raised up by fire and distributed through the 
highest houses for private use ; who has witnessed the in- 
credible quantity of water brought up by a Cornwall, or 
Newcastle, or Staffordshire steam-engine from enormous 
depths, by the descent of a piston not one thousandth 
part of the weight which it raises through an equal 
height ; who has observed the elastic force of steam as 
aprimum mobile in a cylinder performing in any and every 
position its multifarious duties, and that a child's force is 
sufficient to control and guide the operation of that stu- 
pendous power, it must be most obvious that we have 
only carried to perfection that engine which the Marquis 
of Worcester first conceived and made. 
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Some points in the statement of the marquis, which 
had not formerly heen noticed, have received considerable 
elucidation, by a manuscript account of his inventions, 
discovered a few years ago by Mr Robert Stuart, and 
by another document, of no small importance in this 
question, which was brought to light by the zeal and in* 
dustry of the same writer, viz. a Diary of Cosmo de* Me- 
dici, Grand Duke of Tuscany, who visited England about 
the year 1656, in which he gives an account of the engine 
invented by the Marquis of Worcester, which he had an 
opportunity of witnessing in operation at Vauxhall. 

The Condensing Steam-Engine of Captain Savart/. 

About thirty years after the marquis's death, which 
happened in 1667, the condensing steam-engine was in- 
vented by an Englishman, Captain Thomas Savary, and 
was by him introduced for draining mines, raising water 
for buildings and gardens, and generating a revolving me* 
chanical power. He exhibited a model of it to the Royal 
Society of London in 1699. (Phil, Trans, vol. xxi. p* 
228.) We have seen that the marquis's model appears to 
have been placed on or below the level of the water to 
be raised, and that his vessels being filled, their contents 
Avere raised by the elastic force only of the steam* Mr 
Savary, on the other hand, erected his engine at a height 
of nearly thirty feet above the level of the water. A large 
close vessel was filled with steam ; this steam was recon- 
verted, by cooling the outside of the vessel, into water, 
leaving the large space it had formerly occupied vacuous ; 
into this vacuum water was raised, as into the vacuum of 
a common sucking- pump, by atmospheric pressure, and so 
within the limit of atmospheric pressure, raised twenty* 
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eight or thirty feet. After this was accomplished, the water 
was further raised through any remaining height by the 
elastic force of the steam, just as in the engine of the Mar- 
quis of Worcester. But the improvement was great. The 
same force of steam, strength of vessels, and consumption 
of fuel which was sufficient on the marquis*s plan to raise 
water thirty feet high, would be capable first of drawing 
up the water thirty feet, and then raising it thirty feet 
more ; or doing double the work, or sixty feet of height 
on Savary's plan. This was certainly a notable improve- 
ment. 

There has been considerable discussion among the his- 
torians of mechanics regarding the merits of Worcester 
and of Savary. Those who have thought proper to praise 
the inventive talent of the one, have thought it essential 
to their purpose to depreciate the merit of the other. We 
think their claims rest on independent grounds. The 
Marquis of Worcester expressly disclaims the use of a 
vacuum, which, on the other hand, is the distinguishing 
feature of Captain Savary 's, when he says, " not by draw- 
ing or sucking it upward, for that must be as the philoso- 
pher calleth it, irifra sphceram activitatisy which is but at 
such a distance ; but this way (by high-pressure) hath no 
bounder, if the vessels be strong enough." It appears, 
therefore, to us, that the inventions were quite indepen- 
dent and different ; and we have no hesitation in admitting 
it as exceedingly probable, that when Captain Savary 
added the principle of high-pressure to his own principle 
of a vacuum from condensation, he was not unacquaint- 
ed with the marquis's works, and even with hisi engine 
for raising water by fire, for which he had obtained a pa- 
tent, and which he had erected at Vauxhall. While we 
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have thus expressed our own opinion of the independence 
of their claims, we must not omit the opinions of othem 
who lived nearer to the epoch of these rival candidates, 

Dr Desaguliers, an eminent mechanist, and an experi- 
mental philosopher of considerable reputation, has given^ 
in his Course of Experimental Philosophy , vol. ii., an 
account of the << fire-engine," and after adverting to the 
claims of the Marquis of Worcester, makes the fbllowing 
statement in regard to Savary : — << Captain Savary having 
read the Marquis of Worcester's book, was the first who 
put in practice the raising water by fire, which he pro- 
posed for the draining of mines. His engine is described 
in Harris's Lexicon^ (see the word Engine,) which, being 
compared with the Marquis of Worcester's description, 
will easily appear to have been taken from him ; though 
Captain Savary denied it, and the better to conceal the 
matter, bought up all the Marquis of Worcester's books 
that he could procure in Paternoster Row and elsewhere 
and bum'd 'em in the presence of the gentleman, his 
friend, who told me this. He said that he found o«C tbe 
power of steam by chance, and invented the foUowing 
story to persuade people to believe it, viz.> that having 
drunk a fiask of Florence at a tavern, and thrown the 
empty flask upon the fire^ he called for a bason of water 
to wash his hands ; and perceiving that the little wine left 
in the flask had filled up the flask with steam, he took the 
flask by the neck and plunged the mouth of it under the 
surface of the water in the bask>n, and the water of the 
bason was inmiediately driven up into the flask by the 
pressure of the air. Now, he never made such an experi* 
nient then, nor designedly afterwards, which I thus prove : 
I made the experiment purposely with about half a. glass 



SAVAKT — ^DESAGULIEBS'S EXPERIMENT. 



31 



of wine left in a flask, whick I laid upon tke fire till it 
boiled into steam ; tken putting on a tkick glove to keep 
the neck of the flask from burning me, I plunged 
the mouth of the flask under the water that filled a bason ; 
but the pressure of the atmosphere was so strong, that 



Fig. 11. 



Fig. 12. 





Dr DesaguUers^s Experiment. 

it beat the flask out of my hand with violence, and 
threw it up to the ceiling. As this must also have hap- 
pened to Captain Savary, if ever he had made the experi- 
ment, he would not have failed to have told such a remark- 
able incident, which would have embellished his story/' 

We have performed the doctor's experiment frequently, 
with various results. If the mouth of the flask happens 
to be large and its neck short, the water very cold, and 
the flask very perfectly filled with steam, the efiect is 
exactly what Desaguliers describes ; for the vacuum being 
suddenly and completely formed, the flask is first pressed 
down towards the basin, which the hand resists by sus- 
taining the flask in the opposite direction, and just thea 
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the water rushes with great velocity up into the vacaum, 
and striking on the hottom of the flask^ now turned up- 
wards, is apt to knock it suddenly out of the hand, 
especially when held merely by a soft glove. But if, on 
the other hand, the flask has a narrow mouth and long 
neck, and if, when inverted, its neck be allowed to rest on 
the bottom of the vessel, and if the water in the basin be 
not very eold, it will rise slowly and gently, and the flask 
will be completely filled. 

The doctor's inference is not, therefore, perfectly just 
to Savary"; and allowing that Savary had read Wor- 
cester's book, he would not find in it any principle of this 
nature, but an express exception from it, as we have 
already stated. 

Stephen Stvitzer, author of a System of Hydrostatics 
and Hydraulics^ published at London in 1729, takes a 
different view of the matter. In the chapter << On the 
Engine for raising Water by Fire," he gives the following- 
account of it: — << Amongst the several engines which 
have been contrived for the raising of water for the sup* 
ply of houses and gardens, none has been more justly 
surprising than that for the raising of water by fire ; the 
particular contrivance and sole invention of a gentleman 
with whom I had the honour, long since, to be well ac- 
quainted — I mean the ingenious Captain Savary, some 
time since deceased, but then a most noted engineer, and 
one of the Commissioners of the sick and wounded. 

<' This gentleman's thoughts (as appears by a preface of 

V/ his to a little book entitled The Miners Friend) were 

always employed in hydrostatics or hydraulics, or in the 

improvement of water-works ; and the first hint from 

which it is said he took this engine, was from a tobacco* 
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pipe, which he immersed to wash or cool it, as is some- 
times done. He discovered that the water was made to 
spring through the tube of the pipe in a wonderful and 
surprising manner ; though others say that the learned 
Marquis of Worcester, in his Century of Inventions ^ 
(which book I have not seen,) gave the first hint for this 
raising water by fire. 

<< It was a considerable time before this curious person, 
who has been so great an honour to his country, could 
bring this his design to perfection, on account of the 
awkwardness of the workmen who were necessarily to 
be employed in the afiair ; but at last he conquered all 
difficulties, and procured a recommendation of it from the 
Royal Society, {Phil, Trans., 252,) and soon after a 
patent from the Crown, for the sole making this engine ; 
and I have heard him say myself, that the very first time 
he play'd, it was in a potter's house at Lambeth, where, 
though it was a small engine, yet it (the water) forced 
its way through the roof, and struck up the tiles in a 
manner that surprised all the spectators." 

<< About the year 1699, he wrote a small pamphlet or 
treatise concerning this engine which I have just now 
mentioned, wherein he has exhibited a draught of it ; 
but as that consisted of a double receiver, and a great 
many particulars not so easy for a learner at first sight to 
understand, I have, first of all, inserted that draught of 
it, and the account thereof, which Mr Bradley, in his 
New Improvements of Planting and Gardening, has given 
us of that at Cambden House, it being an engine of Mr 
Savary's own invention, and which is the plainest and 
best proportioned of any that I have seen. 

<' A the fire ; B the boiler, a copper vessel of a sphe- 
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rical figure in whick the water is boiled and evaporated 
into steam, which passes through the reguUtor C, which 
opens to let it into D the steam-pipe, of copper, through 
which it descends into E the receiver, which is a vessel of 
copper also, that at first setting to work is full of air, 
which the steam discharges through F the engine tree, 
and up the clack valve at K, and so the air ascends in Lt 
the force pipe. 

<< After E is void of air, which is found by its being hot 
(with steam) all over, then stop the steam at C, and throw 
a little cold water on the outside of the hpt receiver ES, 
so as to cool down the steam in the inside, and so make it 
resume the condition of water, leaving E a vacuum, into 
which the pressure of the atmosphere will raise a colamn 
of water through the sucking pipe G from H, the pond, 
well, or river. 

<< This being done, and the receiver now being filled 
with water, first turn C, and let the steam pass into the 
receiver E, and it will force the water therein throug'h 
F by K up to L, which water cannot descend because of 
the clack valve I. When E is thus emptied, which may 
be easily perceived by its being hot, as before, turn C, and 
confine your steam in B, then open the cock M, which 
will let a little cold water into E, and that, by condensing 
the steam in E, will cause the water to ascend immediately 
from H and replenish E. Then turn C to let the steam 
into Ei, and it will force the water out of it up L, into a 
cistern at O, placed at the top to receive it. Then confine 
your steam at C as before, and turn M for the space of 
a second or two of time, and E will be refilled, and may 
again be discharged up L as before ; so that this work 
may be continued as long as you please. The valves placed 
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in the pipes at I and K are 
shown on a lai^r tcale at the 
side, and will enable the read- 
er to see how they permit the 
water to ascend, bnt prevent 
its return by the weight of 
the water pressing down the 
clack. 

'■ It most be noted that this 
engjine is bnt a small one in 
compuison of many others of 
this kind that are made for 
coal-works ; bat this is suffi- 
cient for any reasonable fa- 
mily, andotberuses required 
for it in watering all middling 
gardens. Its dimensions are 
as follows : — the pipe from 
the surface of the water to F 
is 16 feet, and from F to the 
npper cistern 42 feet high; 
the diameter of both pipes 3 
inches, and of the steam- pipe 
D, an inch. The receiver £ 
holds 13 gallons of water, uid 
the boiler three times that 
quantity. 

*' This engine will throw 
up four of the receivers full 
in one minnte=52 gallons, 
which is SlIOgallonHanbonr, 
^52 hogsheads an bonr, or 
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1248 hogsheads in 24 hours. The prime cost of such an 
engine is about L.50, as I myself have had it from the 
ingenious author's own mouth, and the quantity of coals 
required to work it about one bushel in twenty-four hours. 
The expense is not considerable to what horse-work is, 
which must be shifted twice or thrice a-day, especially 
in all wood or coal countries." 

It seems to us very probable, from the form of Savary's 
engine, that it was taken directly from that of a common 
drawing and forcing pump, with the substitution of the 
force of steam only for that of the pump piston. In Fig. 
14, ABCDEF represent a common forcing pump, as 
given in the hydraulic works of that epoch. A' B' C D' 
E' F' are the parts of one of Savary's steam-pumps. In 
the case of the common pump, the solid piston or plug at 
C, exactly fitted to the cylindrical chamber at C, is forced 
down by the lever E upon the water in the chamber C, 
which is pressed out through the pipe at the bottom, and 

• 

being prevented from passing down to A by the closing 
valve B, is carried up through the open valve D, and 
raised towards the top of the reservoir F. When the 
chamber C is thus emptied, the piston is again raised, and 
as it is perfectly tight, so that no air can enter, the water 
is carried up through the valve B, which only opens up- 
wards, and thus the vacuum at C is filled from below, 
by atmospheric pressure, with water, which is again to be 
forced back by the descent of the piston ; but as the valve 
B closes by the pressure above it, and the valve D opens 
upwards, the water is carried upwards and delivered at F, 
the top of the reservoir. For the solid piston of the pump 
we have only to substitute the agency of steam, and we have 
Savary*s machine. The close chamber G being conceived 
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fallof water, Bteatn from the boiler is admitted by S', and, 
by ita elastic force, preSHea downwards on the surface of 
Fig. 14. 




tbe water at C, so as to force it oat of tbe receiver ; and 
finding no exit by tbe closed valve If, it ii forced throngh 
tbe rising valve D' towards the receiver P ; in these cir- 
comstances, tbe little jet brought from tbe pipe E' is al- 
lowed to throw cold water for a second or two on the close 
chamber C, now filled with steam, which is immediately 
condensed into tbe small quantity of water from which it 
was originally formed, and leaves the remaining space 
vacuons— Into which Tacnnm, as in the former case, 
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water is carried up by the force of the atmosphere, 
so as again to replenish the chamber C'^ as at first, with 
water, which is in its turn to be acted on by the elastic 
force of steam admitted through S^ and carried up through 
D' F to be delivered at F. 

The reader who has followed this examination of 
Savary^s steam-engine in its earlier form, is now pre- 
pared to understand the more complex but more efficient 
form in which the engine was more generally used. This 
form is that of the double receiver. The form hitherto 
examined does not produce a uniform stream, because 
the receiver, after having emptied its contents, requires a 
considerable interval to fill again. The double machine 
renders the stream nearly constant, for there are two 
receivers placed in communication with the boiler and the 
water-pipes, in such a manner that when the one is being 
filled the other is being emptied, and when the latter is 
again being charged with water from below, the other is 
discharging its contents in the receiver above. 

In this double form, a model of the engine was exhi- 
• bited to the Royal Society in June 1699, and approved 
of. The following figure and description are those 
given in the Philosophical Transactions ^ vol. xxi : — 
'* A the furnace, B the boiler, CC two cocks which convey 
the steam alternately to the vessels DD, which receive the 
water from the bottom in order to discharge it again at 
the top. EEEE, valves opening only upwards; FF, 
cocks which keep up the water while the valves on occa- 
sion are cleansed ; G the force-pipe, H the sucking-pipe, 
I the water." The action of this double engine is mani- 
fest. One of the vessels D is first filled with water 
from beloW| by the effect of the vacuum formed in it, and 
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is tben diachai^d into the reserToir above. The Hteam 
is then shot off, snd the TBcnam again Iwgins te form, and 
this first receiver to refill with water ; in the mean time 
the steam wonld be unemployed, and therefore it is now 
admitted into the second receiver D 2, where it forms a 
vacDum, or if the receiver be filled with water, forces it 

Fig. 15. 




up to the top, and bavtng emptied it, is again shut off 
and forms a Tacmnn to refill this lecond receiver with 
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water. But in the mean time, this second receiver being 
now vacuous, and in the process of being refilled with 
water from below, the steam being unemployed upon it 
may be admitted to the first receiver D, which has in the 
interval been charged with water from below, and the 
steam acting upon it will continue the stream into the re- 
servoir at the top, untU the other receiver, D 2, being 
again filled, is again ready to be discharged in the same 
direction, and so on as long as the cocks are turned. 

But this working model of the Royal Society was by 
no means a perfect machine for performing work on a 
large scale. We have, therefore, extracted the follow- 
ing description of the machine of Savary, in the form which 
he gave it when introduced for the purpose of draining 
mines. The description and figure are taken from an 
old work in the Advocates' Library, entitled, ** The Mi« 
ner's Friend ; or, a Description of an Engine for Raising 
Water by Fire, with an Answer to the Objections against 
it. By Thomas Savary, Gent." London, 1702. 

Fig. 16 represents the engine of Savary as applied to 
the purpose of drawing water from the bottom of deep 
mines. The furnaces, boUers, and receivers are placed 
under ground, on a platform raised sixteen or twenty 
feet above the level of the water at the bottom of the 
mine. From this platform the chimney ascends to the 
surface along the shaft of the mine, and a pipe through 
which water is forced to the surface accompanies it. 

A Description of the Engine. 

A the furnaces ; B^ B' the two fireplaces ; C the fun- 
nel or chimney ; D the small boUer ; E the pipe and cock 
of it ; F the screw that covers and confines the force ; Q 



X e ENGINE — IMPROVED FOBM. 



41 



a imBll cock going to a pip« vithin eight inches of its 
IwUom ; H a lai^ pipe going the same depth ; I a clack 
on the top of the said pipe opening upwards ; K a pipe 
going from the box of the stud clock or ralve into the great 
boiler about an inch into it ; L the great boiler ; M the 
screw with the regulator; N a Bmall cock and pipe going 
half way down the great boiler ; O' O* steam pipes, one 

Fig. 16. 




end of each is screwed to the regulator, and the other end 
to the receivers ; P' F' the vessels called receivers j Q 
the screws which bring on the pipes and clacks intolh* 
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front of the engine; RRRR Nos. 1. 2. 3. 4. valves or 
clacks of brass, with screws to open and come at them 
upon occasion ; S the force-pipe ; T the sucking-pipe, 
having a square frame of wood, with holes round its bot- 
tom in the water ; X a cistern, with a buoy-cock coming 
from the bottom of the said cistern ; Z the handle of the 
regulator. 

<< The manner of working this engine is, first : there is 
a good double furnace so contrived that the flame of the 
fire may circulate round and encompass the two boilers 
to the best advantage, as you do coppers for brewing. 
Before you make any fire, unscrew 6 and N, being the 
two small gauge-pipes and cocks belonging to the two 
boilers^ and at the holes fill L, the g^reat boiler, two- 
thirds full of water, and D, the small boiler, quite full ; 
then screw in the said pipes again, as fast and tight as 
possible ; then light the fire at B, No. I ; when the water 
in L boils, the handle of the regulator, marked Z, must 
be thrust off from you as far as it will go, which makes 
all the steam rising from the water in L press with ir- 
resistible force through O No. I, into P No. 1, making 
a noise as it goes ; and when all is gone out, the bottom 
of the vessel P No. 1 will be very hot. Then pull the 
handle of the regulator towards you, by which means 
you stop O No. 1, and force your steam through O No. 2 
into P No. 2, until that vessel has discharged its air 
through the clack R No. 2 up the force-pipe. In tbe 
mean time, by the steam's condensing in the vessel P 
No. 1, a vacuum of emptiness is created, so that the water 
must and will necessarily rise up through T, the sucking- 
pipe, lifting up the dack R No. 3, and filling the vessel 
PNo. L 
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< << In the mean time, the vessel P No. 2 being emptied 
of its air, turn the handle of the regulator from you again, 
and the force is upon the surface of the water in P No. 1 » 
which surface being only heated by the steam, it does 
not condense it, but the steam gravitates or presses with 
an elastic quality like air, still increasing its elasticity or 
spring, till it counterpoises or rather exceeds the weight 
of the water ascending in S, the forcing pipe, out of 
which the water in P No. 1 will be immediately dis- 
charged, when once gotten to the top ; which takes up 
some time to recover that power, which having once got 
and being in work, it is easy for any one that never saw 
the engine^ after half an hour's experience, to keep a con- 
stant stream running out the full bore of the pipe S* 
For on the outside of the vessel P No. 1 you may see 
how the water goes out, as well as if the vessel was 
transparent ; for as the steam continues within the vessel, 
so far is the vessel dry without, and so hot, as one is 
scarce able to endure the least touch with one's hand ; but 
so far as the water is, the said vessel will be cold and 
wet, where any water has fallen on it ; which cold and 
moisture vanishes as fast as the steam in its descent 
takes place of the water. But if you force all the water 
out, the steam, or a small part thereof, going through li 
No. 1, will rattle the clack, so as to give sufficient notice 
to pull the handle of the regulator to you, which at the 
same time begins to force out the water from P No. 2, 
without the least alteration of the stream ; only somen 
times the stream of water will be somewhat stronger 
than before, if you pull the handle of the regulator before 
any considerable quantity of steam be gone up the clack 
fL No. 1 ; but it is much better to let none of the stean^ 
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go off, (for that is but losing so mnch strength,) and is 
easily prevented by pulling the regulator some little time 
before the vessel forcing is quite emptied. This being done, 
immediately turn the cock or pipe of the cistern X on P 
No. 1, so that the water proceeding from X, through L 
Y, (which is never open but when turned on P No. 1 
or P No. 2, but when between them is tight and stanch ;^ 
I say, the water falling on P No. 1 causes by its coolness 
the steam (which had such great force just before, hy 
its elastic power) to condense — to become, in the langiia§^e 
of our author, ^ a vacuum or empty space.' So that the 
vessel P No. 1 is, by the external pressure of the atmo- 
sphere, or what is vulgarly called suction, immediately 
refilled while P No. 2 is emptying ; which being done, 
you push the handle of the regulator from you, and throw 
the force on P No. 2, causing the steam in that vessel to 
condense, so that it fills while the other empties. The labonr 
of turning these two parts of that engine, viz. the regu- 
later and water cock, and tending the fire, being no more 
than what a boy's strength can perform for a day together. 

"The ingenious reader will probably here object, that the 
steam being the cause of this motion and force, and that 
steam is but water rarefied, the boiler L must be in some 
certain time emptied, so as the work of the engine must 
stop to replenish the boiler, or endanger the burning oat 
or melting the bottom of the boiler. 

" To answer which, be pleased to observe the use of the 
small boiler D, when it is thought fit, by the person 
tending the engine, to replenish the great boiler, (whieh 
requires an hour and a half, or two hours' time to the 
sinking one foot of water.) Then I say, by tnmbg the 
cock of the small boiler E, you cut off all communicatioD 
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between S the great force-pipe and D the small boiler, 
by which means D grows immediately hot ; by throwing 
a little fire into B No. 2, the water of which boils, and 
in a very little time it gains more strength than the great 
boiler ; for the force of the great boiler being perpetually 
spending and going out, and the other winding up and 
increasing, it is not long before the force in D exceeds 
that in L ; so that the water in D being depressed in D 
by its own steam or yapour, must necessarily rise through 
the pipe K into L, running till the surface of the water 
in D is equal to the bottom of the pipe H. 

<< Then the steam and water going together, will, by a 
noise in the clack I^ give sufficient assurance that D has 
discharged and emptied itself into L, to within eight 
inches of the bottom. And inasmuch as from the top 
of D to the bottom of its pipe H is contained about as 
much water as will replenish one foot ; so you may be 
certain it is replenished one foot — of course then you 
open the cock I, and refill D immediately. 

** By which you will see that there is a constant motion, 
without fear or danger of disorder or decay ; and if you 
would at any time know if the great boUer L be more 
than half exhausted, turn the small cock N, whose pipe 
will deliver water, if the water be above the level of its 
bottom, which is halfway down the boiler ; if not, it will 
deliver steam. 

** So likewise will 6 show you if you have more or less 
than eight inches of water in D ; by which means nothing 
but a stupid neglect or mischievous design carried on 
some hours, can any ways hurt the engine. And if a 
master is suspicious of the design of a servant to do mis- 
chief^ it is easily discovered by those gauge-pipes. For 
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if he comes when the engine is at work, and finds the 
sorface C of the water in L helow the hottom of the 
gauge-pipe N ; or the water in D helow the hottom of 
6, such a servant deserves correction, though three hours 
after that, the working on could not damage or exhaust 
the hoiler. So that, in a word, the clacks heing in all 
water- works always found the hetter the longer they are 
used ; so here the same effect is found, and all the moving 
parts of the engine heing of like nature, the furnace being 
made of Sturhridge or Windsor brick or fire-stone, I 
don't see it possible for the engine to decay in many 
years. 

<< For besides, the clacks, boxes, and water-pipes, re- 
gulator and cocks, are all of brass, and the vessels are 
made of the best hammered copper, of sufficient thick- 
ness to sustain the force of the working engine. In short, 
the engine is so naturally adapted to perform what is 
required, that even those of the most ordinary and mean- 
est capacity may work it for some years without injury, 
if not hired or employed by some base person on purpose 
to destroy it. For after the engine is once fixed and at 
work, I may modestly affirm that the adventurer or super* 
visor of the work will be freed from that perpetual 
charge, expense, and trouble of repairs which many engines 
are generally liable to." 

One of the first uses of Savary*s engine, proposed by 
himself, was to raise water into a reservoir, from which it 
should be allowed to fall on a mill-wheel, turning round 
the machinery in the same way as a common fall of water ; 
and after reaching the bottom, it was again to be raised 
by the steam-engine to the upper reservoir, for the pur« 
pose of again descending on the wheel. TVe are not. 
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however, aware that any machine was applied in this 
manner daring Savary's life ; but after his death several 
of them were erected by a Mr Joshua Rigley, at Man- 
chester, and throughout Lancashire, to impel the machin- 
ery of some of the earliest cotton-mills and manufactories 
of the district. One of these, of which we have here 
given the figure, was erected at St Pancras, London, at 
the manufactory of a Mr Kier, where it long continued 
to turn lathes, &c. We have taken the following de- 
scription of it from Nicholson's Journal. 

<< The figure i^ the section of this engine taken through 
the centre. B {^^. 1*)) represents a boiler shaped like a 
waggon, seven feet long, five feet wide, and five deep ; it 
was considered as being of dimensions sufficient to work a 
larger engine ; a circumstance which must, in a certain 
degree, diminish the effects of the present one. The boiler 
feeds itself with water, from a cistern, elevated by a pipe 
which descends into the boiler and has a valve in it at the 
upper end, which shuts downwards, and is connected by a 
wire with afloat on the surface of the water within the boiler, 
80 as to open the valve whenever the water subsides below 
its intended level ; for the float which swims on the water 
then sinks, and by its weight draws the valve up to allow 
the water from the cistern to run down the pipe, and 
supply the deficiency ; but as the water in the boiler rises 
the float closes the valve. The boiler, therefore, remains 
constantly, or nearly, at the same degree of fulness. 

" The steam is conveyed by a pipe C to a box D, 
through which, by the opening and shutting of a valve, 
it can be admitted to the cylindrical receiver A. The 
axis K serves as a key to open and shut the valve, which 
is a circular plate formed conical on the edge, and fits 
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in K GorreBponding apertare in tbe bottom of the box D ; 
H is a cistern from wbicb the engine drawi ita Wftter, 
through a Tertical soction-pipe, in vhich « valT« G U 
placed, to prevent the retoni of the vrater ; F ia another 
cistern, into which the water is delirered from the receiver 
A, tliroogh the spont F, which is provided with a valve 

Fig. 17. 




opening outwards ; WW represents an overshot 
wheel, 18 feet in diameter, of which the axis S 
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nicates motion to the lathes and other machines used in 
the manufactory. 

<< The engine raises the water from the lower cistern H, 
by suction, into the receiver A, from which it runs into 
the upper cistern F, and thence flows through a sluice 
into the buckets of the water-wheel W9 to give it motion. 
The water as it is discharged from the buckets of the 
wheel falls again into the lower cistern H. As the same 
water circulates continually in both the cisterns, it be- 
comes warmer than the hand, after working a short 
time; for which reason the injection- water is forced up 
by a small forcing-pump from a well. This injection- 
pump is worked by the water-wheel by means of a loaded 
lever or pump handle, which is raised up by the motion 
of the wheel, and then left to descend suddenly by its 
weight and force up the water into the receiver. A 
leaden pipe passes from this forcing- pump to the upper 
or conical part of the receiver A, for the purpose of in- 
jecting cold water at the proper time. Neither of these 
could be represented with convenience in the present 
section. 

" The manner in which the steam and cold water are al- 
ternately admitted into the receiver A, remains to be ex- 
plained. Upon the extremity of the axis S of the water- 
wheel a solid wooden wheel T is fixed ; it is about 
four feet in diameter, and turns round with the water- 
wheel. It is represented separately, as seen in the front. 
abed are four cleats, all or any number of which 
may be fixed on the wheel at a time. Each cleat has its 
correspondent block, ef g A, on the opposite surface of 
the wheel. The use of these is to work the engine. 
Thus, suppose the water-wheel and this wheel T, with 



50 THE STEAM-ENGINE. 

all the revolviog apparatus, are turning round, one of tlie 
cleats, a, meets in its rotation with a lever, which it lifti 
up, and this opens the steam-valve D hy a rod of com- 
munication reaching to the handle of the axis K. The 
steam consequently passes into the receiver A, and the 
steam- valve shuts again as soon as the cleat a of the wheel 
T has passed away from the lever by the motion of the 
wheel. All this time the correspondent block e on the 
other side of the wheel T had been operating to raise ap 
the loaded lever which forms the handle of the forcing- 
pump. And at the same instant that the steam-valve D 
is shut, as above mentioned, the block e quits the loaded 
lever, after having raised it up, and leaves it to descend 
suddenly by its own weight. This depresses the forcer 
of the pump, and thereby throws a jet of cold water up 
into the receiver A, and it falls in a shower of drops 
through the steam which fills the receiver, so as to cool 
and condense the steam, and make a vacuum therein. 
The pressure of the atmosphere upon the surface of tlie 
water in the cistern H then causes the water to monnt 
up the perpendicular suction-pipe, through the valve 6. 
towards the exhausted receiver. 

*< When the engine is first set to work, the water-wheel 
being motionless, the steam- valve and injection-pump ara 
moved by hand ; and if the engine has been long out of 
work, two or three strokes may be necessary to raise the 
water to the top of the receiver A, so as to fill it foil 
of water. As soon as this is the case, and the steam- 
valve is opened to admit steam into the receiver, the 
whole contents of water above the spout and valve Fth« 
flows out of the receiver A, by its own gravity, into Ae 
upper cistern R. 
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<< The water which is thus raised is suffered to flow from 
the cistern upon the overshot water-wheel W, through a 
sluice, and hy that meaiis keeps the wheel in motiouy and 
replenishes the lower cistern. There is no reservoir for 
the injection- water, but the requisite quantity is driven 
up at each stroke ; and as this is done by the sudden 
descent of the loaded lever of the pump^ the water is in- 
jected very suddenly into the receiver." 

The Atmospheric Steam-Engine of Newcomen and 

Cawley, 
The title of this steam-engine correctly indicates the 
principle of its action. The effect which it produces 
is not by the direct and immediate agency of steam, 
but of the atmosphere. All that the steam does in this 
machine is merely to make way for the atmosphere, 
and give effect to its pressure. It is therefore neces- 
sary to retrace our steps, and give some consideration 
to the mode of operation of atmospheric pressure as an 
introduction to this description. A full exposition of 
the nature of the pressure of the atmosphere will be found 
in the article Pneumatics, in the Encyclopcedia Britannica^ 
to which our readers are referred for a more perfect ac- 
quaintance with this subject. We shall only touch upon 
such branches of experiment, concerning atmospheric pres- 
sure, as are so closely intertwined with our more imme- 
diate investigation as to constitute an essential part of it. 
We have merely to notice, that after the discovery of 
the laws of atmospheric pressure by the pupils of Galileo, we 
owe most of our information on the phenomena resulting 
from the pressure of the atmosphere, and of the appara- 
tus constructed for exhibiting its powers on a large scale, 
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to Otto Guericke, privy councillor of his Serene Highn* 
the Elector of Brandenburg, and consul of Magdeburg^ 
who had in 1654 brought his pneumatic apparatus to con- 
siderable perfection, and continued to make his experi- 
ments to an advanced age. They were published by 
Gasparus Schottus in his work << De Arte Mechanic^ 
HydrauIicaPneumatica/' in 1657, and again by the author 
himself, in a thin volume, entitled « Ottonis Guericke 
Experimenta Nova Magdeburgica de Vacuo Spatio, 
Aeris Pondere," &c. Amstelodami, 1672, fol. 

We have extracted and translated the following pas- 
sages of this rare work from a copy in the library of 
the College of Physicians at Edinburgh. They show us 
that the mode of raising water above its level by atmos- 
pheric pressure, and by a vacuum, was by him so clearly 
made known, that the use of steam as the instrument for 
effecting that vacuum was a very direct and easy tma- 
sition. Indeed the apparatus we have first to consider 
is a very simple illustration of the action of SavarVs 
machine. 

Illustration of raising water by a vacuum, and the pressure 
of the atmosphere, taken from chapter xx. of Otto 
Guericke. 

<< Make four tubes or pipes ah, cd, ef, ghy each abont 
eight feet long, made of glass, and mounted at the extre- 
mities with conically tapered fittings, so as to be accu- 
rately joined to each other, each joint surrounded by a 
small cup, into which liquid being poured, the joints 
may be prevented from taking in air ; let there also be 
a stopcock on the lowest, and let there be taken a 
glass flask i, also fitted air-tight with a stopcock k* 
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Fig. 18. 
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" Having joined all 
these tubes together, bo 
as to form a tube erected 
on tbe wall of a house, 
the lower end being im- 
mersed under water in 
the open vessel ; the large 
flask or receiver having 
been previously emptied 
of air by the air-pump, 
And being now placed on 
the top of the long tobe, 
and the stopcock k being 
opened, the water will 

violently rush up the tube to the height of above thirty 
feet. The rationale is this, tliat the e:xtemal air presses 
on the surface of the water in the bucket, which finds 
free exit from this force up the vacuous space of the tube, 
from which the air has been withdrawn, into the flask i s 
and settles at such a height as will balance by the weight of 
the column of water the weight of tbe circumambient air." 

The reader of this very clear and accurate exposition 
may easily perceive that when it has once been discovered 
that water, after having been rareGedbyheat into steam, go 
as to fill a large space, is afterwards condensed by cold, so 
as to leave a portion of that space vacuous, nothing remains 
to be done except to make the vacuum of the flask i by 
steam instead of an air-pump, and the machine of Savary 
b obtained. In fact, the flash i of Otto Guericke cor- 
responds accurately to the receiver of Thomas Savary. 
The reader has only to understand the former, in order 
to perceive at a glance the action of the latter. 
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This first experiment of Otto Guericlce, therefore, 
represents with fidelity the principle of Savary's engine 
for raising water by the formation of a Tacuum. Not less 
beautifully does another experiment of the same philo- 
sopher exemplify the principle of the species of engine 
known as the atmospheric engine, or Newcomen's steam- 
engine. And its construction is peculiarly important at 
this stage of our progress, as the reader has only to take 
the trouble of following the details of the experiment of 
Guericlce, in order to comprehend correctly the machine 
of Newcomen. In fact, all his experiments on the power 
of the atmosphere are admirable illustrations of the priit- 
dple of the atmospheric steam-engine ; so that the reader 
will do well to remember that the only use of the ateam 
in the atmospheric steam-engine is to form a racaam. 

Pescription and operation of the atmospheric apparatns 
for raising g^at weights by a yacuum under a piston in 
a cylinder, exhibited amongst other experiments, at the 
dietof Ratisbonin 1654,to the court and their Majesties 
Ferdinand III. and his son Ferdinand IV, &c., chap, 
xxrii. and xxriii. 

FiK. 19. " ■^ ^^ vessel of copper, a, made 

truly cylindrical, and baring its sides 
perfectly even and parallel, and aboot 
twenty inches high and eight inches 
wide, was fixed firmly in a vertical 
position by the strong ring S. la 
the next place, a piston, PQR, was 
made to fit exactly the inside of the aforesud cylinder, P 
being of iron and Q wood, and the rounded head R, formed 
of the hardest oak, being hollowed oat on the edge like the 
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pnllty of a common well, in which groove flax or hemp is (o 
be rolled round ao as to fill it up, and the whole is then 
to be placed in the aforesaid cytinder a, (like as a piniMt 
and its head in a common syringe or pnmp for extin- 
gniahing fires,) and fitted so exactly that air can 
neither pass outwards or inwards throngh between the 
piston and cylinder. Thirdly, the cylinder a is to be 
attached to the great upright beam, F^. 20, by an iron 
bracket, througli the ring aforesaid S, and tbe piston PQB 
is to be let into the cylindv a, and the iron handle PQ of 
the piston is to be passed through the ring of a second 
iron arm O, in sucb a manner that it can play fredy 
up and down througb the whole height of the cylinder, 
and at the same time be steadily preserved in the straight 



Fig. 20. 




line, but not permitted to rise further than O. Tn tbe 
Jimrth ^ace, a rop^ to tbe end of wbicb is firmly attaelMd 
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B hook, ia carried round the wheel t, and fastened by its 
hook to the piaton-rod PQ, and the other end of the rope 
hw other ropes attached to It, to be grasped by the men, 
aa in the figure. 

" Now, if the stopcock X be closed, the piston being 
nearly at the bottom, the joint efforts of fifty or more 
men will not be able to raise it more than about halfway 
up the cylinder. 

" If, now, in the ,^rtA place, the targe glass receiTer, 
formerly mentioned, which has been previously made 
perfectly vacuous, (by an air-pump,) be applied to the 
stopcock X, and then when the men are exerting their 
utmost force, the stopcocks at X of the racuouB receiver 
Fig. 21. 




and the cylinder be opened, so as to make a free com- 
munication from the one into the other ; the piston PQR 
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will be suddenly forced down to the bottom of the cylinders 
in spite of the greatest efforts of the men to keep it up. 

*' The whole cause of this matter is to be attributed to 
the gravity of the air, which, when the vacuum is formed 
below, instantly presses down the piston into it with a 
force which, according to our former calculation, amounts 
in that size of cylinder to 2686 pounds' weight." 

The next of the Magdeburg experiments still more 
closely resembles the atmospheric steam-engine in its 
mode of application, and still further illustrates it. 

*< By the above-mentioned invention, a child of twelve 
or fifteen years old can raise an enormous weight. Every 
thing being left as formerly, only the piston being nearly 
at the top of the cylinder a, you are to pass the rope round 
a second pulley, hung from a staple as in fig. 21 ; and by a 
hook to suspend from the rope the scale of a large ba- 
lance, which you are to load with a weight of 2686 
pounds. If a small syringe be applied by a little boy 
to the stopcock X to pump out the air, it will follow 
that, as the air is pumped out from below the piston, 
the atmosphere above will press it down and raise the 
weight." 

The transition from this to the engine of Newcomen is 
immediate. To the last-described apparatus of Guericke let 
there be added a small copper globe or boiler, Z, Fig. 22, to 
be placed over a fire till the water which it contains boils into 
steam. This steam, entering below the piston, will occu- 
py the whole space of the cylinder ; but if now the stop- 
cock X be suddenly closed, and especially if cold water be 
sprinkled on the outside of it to cool it, the steam will be 
condensed back into its original bulk of water, and leave 
the space it formerly occupied in the cylinder a vacuum, 
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into which the atmosphere will preai down die piston 
P Q R, ju3t as in the former instance, raising np the 
weights at the other end of the rope. Thisis just tie ftttno- 
spheric engine of Newcomen. It is the atmosphere which 
Fig. 22. 




does the work ; the steam acts indirectly as the medium 
through which a racnum is effected ; and it is only the 
efficient agency of the atmosphere which is thus rendered 
useful in giving motion to a weight. 

We hope that nothing which we have here said con- 
cerning the discoveries uf Guericke will be misunderatood, 
aa intended in any way to depreciate the value set npoD 
the Inventions of Mr SaTary or Mr Newcomen ; they 
are only introduced as illustrations hy which we are 
most easily conducted to a thorough comprehension of the 
principles on which they act, and of the state of knowled^ 
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of atmospheric pressure which existed at that date. The 
experimental apparatus of Guericke was in no respect a 
steam-engine ; and although his speculations were divul- 
ged before the inventions of Savary and Newcomen, the 
agency of steam still remained to be introduced, before 
a machine useful to the arts and industry of man was pro- 
duced. 

NewcomerCs Fire-Engine, — S witzer, in his Hydrostaticsy 
(1729) has the following passage : — << To finish this long 
account of the surprising engine for the raising of water 
by fire, I produce this last improvement of it by Mr 
Thomas Newcomen, which makes it undoubtedly the 
beautifullest and most useful engine that any age or 
country ever yet produced : as the best and most useful 
inventions and improvements which have been discovered 
either in art or nature, have, in process of time, been 
liable to improvement, so this, of the fire-engine, has been 
subject to the same, for this ingenious gentleman to 
whom we owe this late invention, has, with a great deal 
of modesty, but as much judgment, given the finishing 
stroke to it. It is, indeed, generally said to be an im- 
provement to Mr Savary's engine ; but I am well 
informed, that Mr Newcomen was as earty in his inven- 
tion as Mr Savary was in his, only the latter being 
nearer the court, had obtained his patent before the 
other knew it, on which account Mr Newcomen was glad 
to come in as a partner to it." Dr Desaguliers, speaking 
of Savary 's engine, also says, << these discouragements (the 
difiiculty of making sufficient high-pressure boilers, &c.) 
stopped the progress and improvement of this engine till 
Mr Newcomen, an ironmonger, and John Cawley, a 
glazier living at Dartmouth, brought it to the present 
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form in which it is now used and has been near these 
thirty years." (1744.) Erperimental Philosophy^ iL 467. 
And again, « about the year 1710, Thomas Newcomen, 
ironmonger, and John Cawley, glazier, of Dartmouth, in 
the county of Southampton, (Anabaptists,) made then 
several experiments in private, and having brought it to 
work with a piston, &c., in the latter end of the year 
1711, made proposals to draw the water at Griffin War- 
wickshire ; but their invention meeting with no recep- 
tion, in March following, through the acquaintance of 
Mr Potter of Bromsgrove, in Worcestershire, they bar- 
gained to draw water for Mr Back of Wolverhampton, 
where, after a great many laborious attempts, they did 
make the engine work. They were at a loss about the 
pumps, but being so near Birmingham, and having the as- 
sistance of so many admirable and ingenious workmen, 
they soon came to the method of making the pump* 
valves, clacks, and buckets ; whereas they had but an im* 
perfect notion of them before. One thing is very re- 
markable. At first working, they were surprised to see 
the engine go several strokes and very quick together, 
when, after a search, they found a hole in the piston 
which let the cold water in to condense the steam in 
the inside of the cylinder, whereas, before, they had 
always done it on the outside. They used before to work 
with a buoy in the cylinder inclosed in a pipe, which buoy 
rose when the steam was strong, and opened the injection- 
pipe and made a stroke, whereby they were capable of 
only giving six, eight, or ten strokes in a minute, till a 
boy named Humphrey Potter, who attended the engine, 
added what he called scoggan, hy which the beam of the 
engine always opened and shut its own valves^ and then it 
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would go (entirely witbout tbe attendance of a man) fifteen 
or sixteen strokes in a minute. But this being perplexed 
with catches and strings, Mr Henry Beighton, in an 
engine he had built at Newcastle-on-Tyne in 1718, took 
them all away, the beam itself supplying all much better. 
The way of leathering the piston was found by accident 
about 1713. Having screwed a large broad piece of 
leather to the piston, which turned up the sides of the 
cylinder two or three inches : in working, it wore through, 
and cut that piece from the other, which, falling flat on 
the piston, wrought with its edge to the cylinder, and 
having been in a long time, was worn very narrow, 
which being taken out, they had the happy discovery 
whereby they found that a bridle rein or even a soft thick 
piece of rope or match going round, would make the 
piston air and water tight" 

This short note of Dr Desaguliers, who, with Switzer, 
is our authority for the historical facts of this date, con- 
tains the leading points of the history of the steam- 
engine as generally used for raising water during the 
eighteenth century. Newcomen gave to the engine a 
cylinder and piston : he formed a vacuum in the cylinder 
below the piston, by first admitting steam from the boiler 
so as to expel air and balance the pressure of the atmo- 
sphere, and afterwards condensing the steam so as to re- 
duce it back to its primitive bulk of water, and thus, by 
leaving the space below the piston empty, allow the 
pressure of the atmosphere upon the whole surface of the 
piston to carry it with a force somewhat less than four- 
teen pounds on each inch of that surface downwards to 
the bottom of the cylinder, so that by suspending the 
piston with a chain from the end of a rocking beam to the 
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Opposite extremity of which the rod and buckets of a larg^ 
draining-pump were attached, a considerable Yolame of 
water was raised at each alternate ascent and descent of 
the piston, which was raised up again by the weight of the 
pmnps and water, at the other end, whenever the steam 
was re-admitted below the piston to balance the atmo- 
sphere — he gave to the valves y clacks ^ bricJcetSy &c., that 
improved mechanical construction which rendered them 
suitable to the precision of the action of steam. He 
first constructed a piston with an elastic packing of 
hemp, by which it is kept steam and air-tight as it moveg 
along the cylinder ; and, above all, availed himself of the 
experience of an unlucky accident to add the important 
process in the steam-engine of condensation of steam by 
injection of cold water directly amongst it. All these in- 
ventions of Newcomen give to the steam-engine of the 
present day its most important features ; and if we add to 
these the scoggan or sculking gear of Potter by which the 
attendant of the engine was enabled to scog or sculk 
from his work, leaving the engine itself by an ingenious 
complication of strings and catches to do his work, 
opening and shutting its own valves ^ with much greater 
precision^ quicknesSy and regularity y than the listless at- 
tendant had ever exercised or even the very closest 
attention could attain ; and if, further, we include the 
ingenious and more permanent mechanism which Beigh- 
ton introduced as a substitution for the rude expedients 
of strings and straps ; and, finally, if we include the 
admirable proportions and constructions y and adaptations 
of all the various parts of the engine to each other, and 
to the boilers and furnaces, and of these to the nature of 
the work to be done, as displayed in the magnificent at* 
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mosphertc engines of the gagacions and pbiloBophical 
SmeatOD, we shall comprehend, in thts succinct view, all 
that had been done for the steaoi-engine prerioogl^ to 
the time of 'Watt. 

Fig. 23. 




The following is Dr Robiaon's description and explana- 
tion of Newcomen's en^ne : — 

" Let A (fig. 23) represent a great boiler properly bnilt 
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in a furnace. At a small height above it is a cylinder 
CBBC of metal, bored very truly and smoothly. The 
boiler ^communicates with this cylinder by means of the 
throat or steam-pipe N. The lower aperture of this 
pipe is shut by the plate N, which is ground very flat, so 
as to apply very accurately to the whole circumference of 
the orifice. The plate is called the regulator or steam- 
cock, and it turns horizontally round an axis b a which 
passes through the top of the boiler, and is nicely fitted 
to the socket, like the key of a cock, by grinding. The 
upper end of this axis is furnished with a handle bT. 

<< A piston P is suspended in this cylinder, and made 
air-tight by a packing of leather or soft rope, well filled 
with tallow ; and, for greater security, a small quantity 
of water is kept above the piston. The piston-rod PD 
is suspended by a chain, which is fixed to the upper ex- 
tremity F of the arched head FD of the great lever or 
working beam FK, which turns on the gudgeon O. 
There is a similar arched head EG at the other end of 
the beam. To its upper extremity E is fixed a chain 
carrying the pump-rod KL, which raises the water from 
the mine. The load on this end of the beam is made to 
exceed considerably the weight of the piston P at the 
other extremity. 

<< At some small height above the top of the cylinder is 
a cistern W called the injection cistern. From this 
descends the injection-pipe ZSR, which enters the cylin- 
der through its bottom, and terminates in a small hole 
R, or sometimes in a nozzle pierced with many smaller 
holes diverging from a centre in all directions. This 
pipe has, at S, a cock called the injection-cock, fitted with 
a handle V. 



BOBISON*S DESCBIPTION OP NEWCOMEn's ENGINE. 65 

** At the opposite side of the cylinder, a little above its 
bottom, there is a lateral pipe, turning upwards at the 
extremity, and there covered by a clack-valve Jl called 
the snifting valve, which has a little dish round it to 
hold water for keeping it air-tight. 

" There proceeds also froni the bottom of the cylinder 
a pipe/? eg hy (passing behind the boiler,) of which the 
lower end is turned upwards, and is covered with a valve 
h. This part is immersed in a cistern of water Y, called 
the hot well, and the pipe itself is called the eduction-pipe. 
Lastly, the boiler is furnished with a safety-valve called 
the puppet-clack, (which, for want of room, is not repre- 
sented in this sketch,) in the same manner as Savary's 
engine. This valve is generally loaded with one or two 
pounds on a square inch ; so that it allows the steam to 
escape when its elasticity is one-tenth greater than that of 
common air. Thus all risk of bursting the boiler is avoided, 
and the pressure outwards is very moderate ; so also is 
the heat. For, by inspecting the table of vaporous elas- 
ticity, we see that the heat corresponding to 32 inches of 
elasticity is only about 216^ of Fahrenheit's thermometer. 

^* These are all the essential parts of the engine, and are 
here drawn in the most simple form, till our knowledge 
of their particular offices shall show the propriety of the 
peculiar forms which are given to them. Let us now 
see how the machine is put in motion, and what is the 
nature of its work. 

" The water in the boiler being supposed to be in a state 
of strong ebullition, and the steam issuing by the safety- 
valve, let us consider the machine in a state of rest, 
having both the steam-cock and injection- cock shut 
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The resting^ position or attitude of the machine must be 
such as appears in the sketch, the pump-rods preponderat- 
ing, and the great piston being drawn up to the top of the 
cylinder. Now open the steam-cock by turning the 
handle T of the regulator. The steam from the boiler 
will immediately rush in, and flying all over the cylinder, 
will mix with the air. Much of it will be condensed by 
the cold surface of the cylinder and piston, and the water 
produced from it will trickle down the sides, and run 
off by the eduction-pipe. This condensation and waste 
of steam will continue till the whole cylinder and piston 
are made as hot as boiling water. When this happens, 
the steam will begin to open the snifting-valve^ and 
issue through the pipe ; slowly at first, and very cloudy, 
being mixed with much air. The blast at f will grow 
stronger by degrees, and more transparent, having already 
carried off the greatest part of the common air which 
filled the cylinder. We supposed that the water was 
boiling briskly, so that the steam was issuing by the 
safety-valve which is in the top of the boiler, and through 
every crevice. The opening of the steam-cock puts an 
end to this at once, and it has sometimes happened that 
the cold cylinder abstracts the steam from the boiler with 
such astonishing rapidity, that the pressure of the atmo- 
sphere has burst up the bottom of the boiler. We may 
here mention an accident of which we were witnesses, 
which also shows the immense rapidity of the condensa- 
tion. The boiler was in a frail shed at the side of 
the engine-house ; a shoot of snow from the top of the 
house fell down and broke through the roof of the shed, 
and was scattered over the head of the boiler, which 
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was of an oblong or oval shape. In an instant the sides 
of it were squeezed together by the pressure of the 

atmosphere. 

** When the manager of the engine perceires that not 
only the blast at the snifting-valire is strong and steady, 
but that the boiler is now fully supplied with steam of 
a proper strength, appearing by the renewal of the dis- 
charge at the safety-valve, he shuts the steam-cock, and 
opens the injection-cock S by turning its handle V. The 
pressure of the column of water in the injection-pipe ZS, 
immediately forces some water through the spout R. 
This coming in contact with the pure vapour which now 
fills the cylinder, condenses it, and thus makes a partial 
void, into which the more distant steam immediately 
expands, and by expanding collapses, (as has been already 
observed.) What remains in the cylinder no longer 
balances the atmospherical pressure on the surface of the 
water in the injection-cistern, and therefore the water 
spouts rapidly through the hole R, by the joint action of 
the column ZS, and the unbalanced pressure of the at- 
mosphere ; at the same time the snifting-valve^ and the 
eduction- valve A, are shut by the unbalanced pressure of 
the atmosphere. The velocity of the injection water 
must therefore rapidly increase, and the jet will dash (if 
single,) against the bottom of the piston, and be scattered 
through the whole capacity of the cylinder. In a very 
short space of time, therefore, the condensation of the 
steam becomes universal, and the elasticity of what remains 
is almost nothing. The whole pressure of the atmosphere 
is exerted on the upper surface of the piston, while there 
is hardly any on its under side. Therefore, if the load 
on the outer end E of the working-beam be inferior to 
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this pressure, it must yield to it. The piston P mnat 
descend, and the pump-piston L, must ascend, brings 
ing along with it the water of the mine ; and the motion 
must continue till the great piston reaches the bottom of 
the cylinder ; for it is not like the motion which woald 
take place in a cylinder of air rarefied to the same degree. 
In this last case, the impelling force would be continually 
diminished, because the capacity of the cylinder is dimin- 
ished by the descent of the piston, and the air in it ig 
continually becoming more dense and elastic The piston 
would stop at a certain height, where the elasticity of the 
included air, together with the load at E, would balance 
the atmospherical pressure on the piston. But when 
the contents of the cylinder are pure vapour, and the 
continued stream of injected cold water keeps down its 
temperature to the same pitch as at the beginning, the 
elasticity of the remaining steam can never increase hy 
the descent of the piston, nor exceed what corresponds 
to this temperature. The impelling or accelerating force 
therefore remains the same, and the descent of the piston 
will be uniformly accelerated, if there be not an increase 
of resistance arising from the nature of the work per- 
formed by the other end of the beam. This circumstance 
will come under consideration afterwards, and we need 
not attend to it at present. It is enough for our present 
purpose to see, that if the cylinder have been completely 
purged of common air before the steam-cock was shut, 
and if none have entered since, the piston will descend to 
the very bottom of the cylinder. And this may be fre- 
quently observed in a good steam-engine, where every 
part is air-tight. It sometimes happens, by the pit-pump 
drawing air, or some part of the communication between 
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the two strains giving^ way, that the piston comes down 
with sadi violence as to knock out the hottom of the 
cylinder with the blow. 

<< The only observation which remains to be made on 
the motion of the piston in descending is, that it does not 
begin at the instant the injection is made. The piston 
was kept at the top by the preponderancy of the outer 
end of the working-beam, and it must remain there till 
the difference between the elasticity of the steam below 
it and the pressure of the atmosphere exceed this pre- 
ponderancy. There must, therefore, be a small space of 
time between the beginning of the condensation and the 
beginning of the motion. This is Tery small, not exceed- 
ing the third or the fourth part of a second ; but it may 
be very distinctly observed by an attentive spectator. 
He will see, that the instant the injection-cock is opened, 
the cylinder will sensibly rise upwards a little by the 
pressure of the air on its bottom. Its whole weight is 
not nearly equal to this pressure ; and instead of its 
being necessary to support it by a strong floor, we must 
keep it down by strong joists loaded by heavy walls. It 
is usual to frame these joints into the posts which carry 
the axis of the working-beam, and are therefore loaded 
with the whole strain of the machine. This rbing of 
the cyUnder shows the instantaneous commencement of 
the condensation ; and it is not till after this has been 
distinctly observed, that the piston is seen to start, and 
begin to descend. 

'< When the manager sees the piston as low as he thinks 
proper, he shuts the injection-cock, and opens the steam- 
cock. The steam has been accumulating above the water 
in the boiler during the whole^time of the piston's descent, 
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and is now rushing violently through the puppet claclf;^ 
The moment, therefore, that the steam-cock is opened^ 
it rushes violently into the cylinder, having an elasticity 
greater than that of the air. It therefore immediately 
blows open the snifting valve, and allows (at least) the 
water which had come in by the former injection, and 
what arose from the condensed steam, to descend by its 
own weight through the eduction-pipe d e g hy to open 
the valve A, and to run out into the hot well. And we 
must easily see that this water is boiling hot ; for while 
lying in the bottom of the cylinder, it will condense steam 
till it acquire this temperature, and therefore cannot run 
down till it condenses no more. There is still a waste 
of steam at its first admission, in order to heat the inside 
of the cylinder and the injected water to the boiling tem- 
perature ; but the space being small, and the whole being^ 
already very warm, this is very soon done ; and when 
things are properly constructed, little more steam is 
wasted than what will warm the cylinder; for the 
eduction-pipe receives the injection water even daring 
the descent of the piston, and it is therefore removed 
pretty much out of the way of the steam. 

<< This first puff of the entering steam is of great service : 
it drives out of the cylinder the vapour which it finds 
there. This is seldom pure watery vapour : all water 
contains a quantity of air in a state of chemical union. 
The union is but feeble, and a boiling heat is sufficient for 
disengaging the greatest part of it by increasing its 
elasticity. It may also be disengaged by simply remov- 
ing the external pressure of the atmosphere. This is 
clearly seen when we expose a glass of water in an ex- 
hausted receiver. Therefore the small space below the 
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piston contains watery vapour mixed with all the air 
which had been disengaged from the water in the boiler 
by ebullition, and all that was separated from the injec- 
tion water by the diminution of external pressure. All 
this is blown out of the cylinder by the first puff of steam. 
We may observe in this place, that waters differ exceed- 
ingly in the quantity of air which they hold in a state of 
solution. All spring-water contains much of it : and 
water newly brought up from deep mines contains a great 
deal more, because the solution was aided in these situa- 
tions by great pressures. Such waters sparkle when 
poured into a glass. It is therefore of great consequence 
to the good performance of a steam-engine to use water 
containing little air, both in the boiler and in the injec- 
tion cistern. The water of running brooks is preferable 
to all others, and the freer it is from any saline impregna- 
tion it generally contains the less air. Such engines as are 
so unfortunately situated that they are obliged to employ 
the very water which they have brought up from great 
depths, are found greatly inferior in their performance to 
others. The air collected below the piston greatly 
diminishes the accelerating force, and the expulsion of 
such a quantity requires a long- continued blast of the 
best steam at the beginning of every stroke. It is advis- 
able to keep such water in a large shallow pond for a 
long while before using it. 

« Let us now consider the state of the piston. It is 
evident that it will start, or begin to rise, the moment the 
steam- cock is opened ; for at that instant the excess of 
atmospherical pressure, by which it was kept down in 
opposition to the preponderancy of the outer end of the 
beam, is diminished. The piston is therefore dragged 
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upwards, and it will rise even although the steam which 
is admitted be not so elastic as common air. Suppose 
the mercury in the barometer to stand at 30 inches, and 
that the preponderancy at the outer end of the beam is 
^th of the! pressure of the air on the piston, the piston 
will not rise if the elasticity of the steam be not equal to 
30 — ^y that is, 26.7 inches nearly ; but if it be just this 
quantity, the piston will rise as fast as this steam can be 
supplied through the steam-pipe, and the velocity of its 
ascent depends entirely on the velocity of this supply. 
This observation is of great importance ; and it does not 
seem to have occurred to the mathematicians, who have 
paid most attention to the mechanism of the motion of 
this engine. In the mean time, we may clearly see that 
the entry of the steam depends chiefly on the counter- 
weight at E: for suppose there was none, steam no stronger 
than air would not enter the cylinder at all ; and if the 
steam be stronger, it will enter only by the excess of its 
strength. Writers on the steam-engine (and even some 
of great reputation) familiarly speak of the steam giving 
the piston a push ; but this is scarcely possible. Daring 
the rise of the ^piston the snifting valve is never observed 
to blow; and we have not heard any well-attested accounts 
of the piston-chains ever being slackened by the upward 
pressure of the steam, even at the very beginning of the 
stroke. During the rising of the piston, the steam is, 
(according to the common conception and manner of 
speaking,) sucked m, in the same way that air is sacked 
into a common syringe or pump when we draw up the 
piston ; for in the steam-engine the piston is really drawn 
up by the counter-weight. But it is still more sucked in^ 
and requires a more copious supply, for another reason. 
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As the piston descended only in consequence of the inside 
of the cylinder's heing sufficiently cooled to condense the 
steam, this cooled surface must again he presented to 
the steam during the rise of the piston, and must con- 
dense the steam a second time. The piston cannot rise 
another inch till the part of the cylinder which the piston 
has already quitted has heen warmed up to the hoiling 
point, and steam must he expended in this warming. 
The inner surface of the cylinder is not only of the heat 
of hoiling water while the piston rises, hut is also per- 
fectly dry ; for the film of water left on it hy the ascend- 
ing piston must he completely evaporated, otherwise it 
will be condensing steam. That the quantity thus wasted 
is considerable, appears by the experiments of Mr Beigh- 
ton. He found that five pints of water were boiled off 
in a minute, and produced 16 strokes of an engine whose 
cylinder contained 113 gallons of 282 inches each; and 
he thence concluded that steam was 2886 times rarer 
than water. But in no experiment made with scrupu- 
lous care on the expansion of boiling water does it appear 
that the density of steam exceeds fo.ooo*^ of the density 
of water. Desaguliers says that it is above 14,000 times 
rarer than water. We have frequently attempted to 
measure the weight of steam which filled a very light 
vessel which held 1 2,600 grains of water, and found it 
always less than one grain ; so that we have no doubt of 
its being much more than 10,000 times rarer than water. 
This being the case, we may safely suppose that the number 
of gallons of steam, instead of being 16 times 113, were 
nearly five times as much ; and that only J was employed 
in allowing the piston to rise, and the remaining |ths were 
employed to warm the cylinder. But no distinct experi- 

G 
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ment shows so great an expansion of water when eon« 
verted into steam at 212^. Mr Watt never fonnd it, 
nnder the pressure of the air, more than 1800 times rarer 
than water. 

^' The moving force during the ascent of the piston mnst 
be considered as resulting chiefly, if not solely, from 
the preponderating weight of the pit piston-rods. The 
o£Gice of tliis is to return the steam-piston to the top of 
the cylinder, where it may again be pressed down by the 
air, and make another working stroke by raising the 
pump-rods. But the counter- weight at E has another 
service to perform in this use of the engine ; namely, to 
return the pump pistons into their places, at the bottom 
of their respective working barrels, in order that they 
also may make a working stroke. This requires force 
independent of the friction and inertia of the moving 
parts ; for each piston must be pushed down through the 
water in the barrel, which must rise through the piston 
with a velocity whose proportion to the velocity of the 
piston is the same with that of the bulk of the piston to 
the bulk of the perforation through which the water rises 
througii the piston. It is enough at present to mention 
this in general terms : we shall consider it more parti- 
cularly afterwards, when we come to calculate the per- 
formance of the engine, and to deduce from our acqnired 
knowledge, maxims of construction and improvement. 

<< Fiom this general consideration of the ascent of the 
piston, we may see that that motion differs greatly from 
the descent. It can hardly be supposed to accelerate, 
even if the steam in the cylinder were in a moment an- 
nihilated. For the resistance to the descent of the piston 
is the same with the weight of the column of water. 
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wbioh woald cause it to flow through the box of the 
pnmp-piston with the velocity with which it really rises 
through it, and must therefore increase as the square of 
that velocity increases ; that is, as the square of the 
velocity of the piston increases. Independent of friction, 
therefore, the velocity of descent through the water must 
soon become a maximum, and the motion become uniform^ 
We shall see by and by, that in such a pump as is gen- 
erally used, this will happen in less than the 10th part of 
a second. The friction of the pump will diminish this 
velocity a little, and retard the time of its attaining uni- 
formity. But, on the other hand, the supply of steam 
which is necessary for this motion, being susceptible of 
no acceleration from its previous motion, and depending 
entirely on the briskness of the ebullition, an almost in- 
stantaneous stop is put to acceleration. 

<< Accordingly, any person who observes with attention 
the working of a steam-engine, will see that the rise of 
the piston and descent of the piston-rods is extremely 
uniform, whereas the working stroke is very sensibly ac- 
celerated. Before quitting this part of the subject, and 
lest it should afterwards escape our recollection, we may 
observe, that the counter- weight is different during the 
two motions of the pump-rods. While the machine is 
making a working stroke, it is lifting not only the co- 
lumn of water in the pump, but the absolute weight of 
the pistons and piston-rods also ; but while the pump- 
rods are descending, there is a diminution of the counter- 
weight by the whole weight lost by the immersion of the 
rod in water. The wooden rods which are generally 
used, soaked in water, and joined by iron straps, are 
heavier, and but a little heavier, than water ; and they 
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" These tiro motions complete the period of the opera- 
tion ; and the whole may be repeated by shutting the 
steam-cock and opening the injection- cock whenever the 
piston has attained the proper height. We hare been 
Tery minute in our attention to the different circnm- 
■tances, that the reader may have a distinct notion of 
the state of the moving forces in every period of the 
operation. It is by no means sufficient that we know in 
general that the injection of cold water makes a void 

Fig- a*. 




which allows the air to press down the piston, and that 
the re-admission of the steam allows the piston to rise 
ag'ain. This lumping and slovenly way of viewing it has 



BEIGHTON S GEAR. 



77 



long prevented even the philosopher from seeing the defects 
of the construction, and the methods of removing them," 
It was in 1718, as already mentioned, that Mr Henry 
Beighton improved the steam-engine of Newcomen, by 
a simple and effective arrangement of minor details, 
which left so little to be desired for the practical use 
of the engine in pumping water, that for more than half 
a century it remained in general use, without any change 
of form or arrangement. The following excellent dia- 
grams and quaint descriptions are from the pen of Des- 
aguliers, who had made himself very well acquainted with 
the subject as it existed in his time. 

Fig. 25. 




« The working perpendicular beam is in figure 24j 
represented in the whole, with all its contrivances for 
opening and shutting the regulator and injection-cock, and 
marked QQ. 

" Between two perpendicular pieces of wood on each 
side of P, there is a square iron axis, which has upon it 
four iron pieces subservient to the turning of the regu- 
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lator, by shooting forward and drawing back the fodk 
fastened to the hand of the regulator ; it is marked 
LNO in fig. 25, and represented separately in fi^. 27. 
There is a slit in the perpendicular working-beam con- 
trived in such manner that its pins work on the fore part, 
middle, and back part, to raise and depress the leven 
6, 4, (fig. 25,) that move the iron axle-tree above-men- 
tioned as far about its centre as is necessary. But the 
reader will conceive the thing better by a view of the 
pieces in figs. 26 to 29, and then be enabled fully to 
understand the same things in fig. 25. 

Fig. 26. << A, Figure 26, represents the iron 

Jirj^ J, j u axle-tree already mentioned, and 

^ marked by the letters A B in figure 

25. There is a piece ceD 'E, called 
the Y, from its representing that letter 
by its two shanks, only hanging down 
in an inverted order, with a weight F 
to be slipped on upon its upper part, 
where it is made fast, higher or lower, 
as is convenient, with a key or wedge. This Y being slipped 
on over the end of the iron axle is made fast by driving 
in a key after it at e : then there is a sort of a stirmpi 
I K I, with a long pin to be fixed occasionally into the 
holes on each side of K : this, by its hooks I I, is hung 
npon the axle at i e, then a spanner or handle 6 4 ii 
driven on upon the axle from the other end, so as to 
come and be fast at g at right angles to the Y : then 
a shorter lever or spanner at half right angles to this, 
(that, is, between the long shank of the Y and G 4,) 
is forced on to h, upon the axle, where it is made fasL 
All these pieces, as they are fixed together on the axle 
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may be seen at figure 25 ; where you may observe, that 
when the working-beam goes up, by a pulley held in its 
middle by a pin, it lifts up the spanner H 5, which tnms 
the axle so far as to throw the Y with its weight F 
from C to 6, in which direction, after passing the per- 
pendicular, it would continue to move towards Q, if it 
was not stopped by a strap of leather fixed to its top 
and made fast at the points m ;i, in such manner as to 
allow the Y to vibrate about a quarter of a circle, in 
falling forwards and backwards, after it has passed the 
perpendicular. 

" Figure 27 represents Y\^, 27, 

the horizontal fork L N O 

o 

to be joined, at its end O, " ^ -' 

to the spanner or handle of ^^_^-^ ^^=^ 
the regulator P Q 10, there 

being several holes in these pieces, that any part of the end 
O may be kept in any part of the slit in the spanner, as may 
be requisite for the better motion of the two pieces. This 
may be seen in figure 25, where the other end of the fork is 
fastened to the bottom of the stirrup at K N L, by the 
long horizontal pin L, so that the fork may continue 
horizontal, as it is shot forward, and drawn back by the 
strokes that K and D, the shanks of the Y, make alter- 
nately on the fore part or back part of the pin L, in 
order to push forward, or draw back the spanner P 10, 
to shut or open the regulator in the manner that shall be 
further explained. We will only take notice now, that 
there is an horizontal piece ul^ so placed, that the end 10 
of the spanner may bear upon it, and be supported, as it 
slides backward and forward. 

** Before we proceed, it will not be improper to give a 
full description of the regulator. See fig. 28. 
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" A cock of four inches water-way, big enough to let 
the steam out of the boiler into the cylinder, would have 
so much friction, if made tight, as to require a great force 
to turn it, especially as it must open and shut 32 times in a 
minute ; therefore the regulator has been contrived instead 
of it. The brass plate R, which you see here at RR in 
the middle of the top of the boiler, is cast with the pipe 
Fig. 28. S S S of four inches' bore, and worked 

smooth at its hole under the plate, that it 
may be closely stopped by another smooth 
plate y Yy applied under it, (where the 
pressure of the steam will hold it the 
closer when shut.) There is also, in the 
plate RR, a short pipe or conic hole T, smallest 
downwards, to receive the piece V W X, which being 
ground into it can move round without letting air 
or steam pass by. There is a square shank ZZ, which 
is put through this last piece when it is let down 
into its hole, and pinned tight to it at the upper Z. 
Then the spanner of the regulator being put on, and 
made fast at V and W, as may be plainly seen in ^^ 
25, where the whole regulator is put together. This regu- 
lator opens very quick, and ten times easier than a cock 
of the same bore : and to help the whole, the weight F 
of the Y, when it has passed the perpendicular, falls with 
a good force, which makes the shank under it give a 
smart stroke, eithelr within the fork or without, to drive 
the fork, and draw the handle of tlie regulator contrary 
to the way that the weight is falling : the weight causing 
the regulator to be shut when it tumbles towards it, and 
be open when it tumbles from it. 

" When the regulator is shut, the next thing is to open 
the injection-cock to make the vacuum, and immediately 
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to shut it when the piston hegins to come down, (for the 
vacuum is made in a second of time.) n (fig. 29,) repre- 
sents the adjutage of the injecting pipe within the cylin- 
der ; a h part of the pipe coming from the injecting-cistern, 
c b the cock, and e the key of the cock, that has a narrow, 
long, upright hole instead of a round one, that it may he 
the sooner opened. Upon the top of this key is fastened 
on a quarter of a wheel with 
teeth /, to be turned by another 
quarter of a wheel i hanging 
down from the axis h g, which is 
moved by the lever h k, common- 
ly called the F. Examine fig. 25, where they are work- 
ing together, and you may see how the perpendicular 
beam moves them by its pins. 

'< The present situation of the machine, as now repre- 
sented by the 24th figure, is as follows. The regulator 
is open, as appears by its plate TY being removed from 
under the communication or throat-pipe S, that goes 
into the cylinder. The piston is now up about the place 
CW, at top of the cylinder in figure 24j; consequently 
the great beam, and the working perpendicular beam are 
now almost at their utmost height, and the pulley in the 
slit of the working beam has so far raised the spanner 
H 5, that the weight or head of the Y is brought so far 
from under ti, as to be past the perpendicular over the 
axle ; and being ready to fall over towards wi, it will with 
a smart blow of its shank K, strike the pin L, and draw- 
ing the fork ON horizontally towards the working beam, 
will draw the end 1 of the handle of the regulator to- 
ward /, and thereby shut it, by slipping the plate Y under 
the pipe S» The engine in figure 25 is in this very con- 
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dilion ; but in figure 24 the blow is already struck, mod 
the communication cut o£P ; as may be known by obsenring 
that the weight at the head of the Y is got as far as the 
strap will let it go. 

<< The moment after the regulator is shut, the beam 
not immediately losing its motion upwards, the pin s on 
its outside lifts up the end I of the Y, hk i, and opens 
the injection-cock; and the jet immediately making^ a 
yacuam, the beam begins to descend, and the pin r 
(which you may put higher or lower) depressing the F, 
shuts the injection-cock : then the beam continuing to 
descend, the pulley p, pressing on the handle 6 4, throin 
back the Y, whose shank D throws forward the foriif 
and opens the regulator to let in fresh steam^ in the 
manner already described ; which steam is shut o£F, by 
shutting the regulator till the cock for injection of cold 
water is again opened," 

Newcomen, Potter, and Beighton, had thus rendered 
the atmospheric steam-engine an independent self-acting 
mechanical power of so great perfection in its principle 
of action, and its minor details, as to be very generally 
introduced as a substitute for the power of animala in 
draining mines and collieries, and to confer very great 
advantages in those important and primary sources of 
national industry and wealth. The saving of money 
resulting from this change was so great as to be conti- 
nually opening up new avenues of mining enterprise; 
and, by the rapid progress of that enterprise, the capabi« 
lities of the engine were soon pat to the severest triaL 
The cylinders, which had been originally of twelve and 
sixteen inches diameter, were increased to twenty, thirty, 
and forty inches, and at last even fifty and sixty inches 
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IS diameter. Along with this dimension, the other parts 
required to be increased in a still higher proportion ; and 
al last the structures became so gigantic as to demand 
an amount of science and practical skill which in that 
period of engineering science was rarely to be found. 
The man suited to the emergency at last arose in the 
father of civil engineering, the justly celebrated Smea« 
ton, who brought to bear on this subject endowments 
and accomplishments seldom united ; fertile ingenuity, 
accurate philosophic conceptions, and sound practical saga- 
city. He conferred upon the atmospheric steam-engine 
all the extent and variety of application of which it was 
capable, and all the perfection of proportion and execu- 
tion which the state of the mechanical arts would permit. 
The manner in which Smeaton proceeded to the im- 
provement of the atmospheric engine was one which is 
worthy of all praise and imitation. Unlike too many of 
the engineering experiments of the present day, as well 
as of past times, his were made at his own expense, not 
at the expense of his employers, and on a scale sufficient- 
ly large to ensure sound results, without being on that 
scale which should entail unwarrantable expense. Ha- 
ving encountered some anomalous results in the earlier 
parts of his experience with atmospheric engines, he 
resolved, as he says, " if possible to make himself master 
of the subject, and immediately began to build a small 
fire-engine, which could easily be converted into di£Perent 
shapes for experiments." This experimental engine was 
set to work at Austhorpe in 1769. With it he made a 
very great number of valuable experiments, so as to ascer- 
tain the length and velocity of stroke and return, the 
quantity and manner of injection, the proportion of loadi 
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the dimensions of cylinder, and the materials of con- 
struction, which were required to produce the maximum 
of useful e£Pect from a given amount of fuel. Mr Farey 
has given us the dimensions of this model, and the re- 
sults of tlie experiments of Smeaton as they are here set 
down. The cylinder was 9.9 inches in diameter, and had 
a working-stroke of 3 feet. The piston made 17^ strokes 
per minute, passing over 105 feet per minute, going and 
returning, or over 52.5 e£Pective feet per minute ; its load 
per square inch was 7.89 lbs., its total load 607 lbs. The 
quantity of coals consumed was 55 lbs. per hour. The 
work done was equivalent to 31,867 lbs. raised 1 foot 
high per minute = 0.966 horse power. The work of one 
bushel or 84< lbs. of coal was equal to 2,919,017 lbs. 
raised 1 foot high. The weight of water evaporated by 1 
lb. of coal was 6.14 lbs., and tlie quantity of cold water 
injected was 10.66 the evaporated water. 

When tlie engine made its stroke the mercury wat 
raised to 23.2 inches. 

Mr Smeaton found that this engine produced its maxi* 
mum e£Pcct both as regards quantity and economy when 
carrying a load of 7.81 lbs. on the inch. When the load 
was reduced to 6.6 lbs. the power of the engine was 
lessened in the proportion of 100 to 94. Wlien the load 
was reduced to 5.5 lbs. the power of the engine was still 
further lessened in the proportion of 94 to 82. In these 
two cases the work produced by 1 lb. of coals was redacted 
in the proportion of 100 to 94, and 94 to 80. 

When, on the other hand, the load was increased fronoi 
7.8 lbs. to 8.8 lbs. per inch, the work done was only in- 
creased from 100 to 107. When the load was still further 
increased to 9.1 lbs. the work was diminished from 100 
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to 96. But in both these the economy of fuel was dimi* 
nished in a higher proportion, the work produced by each 
lb. of coals being reduced in the proportions ICO to 97, and 
97 to 93. 

Mr Smeaton also found, from the same engine, the best 
kinds of fuel and the best modes of burning it. Round coals 
were found superior to small coal in the proportion of 100 
to 80 nearly. Coke produced | of the effect of an equal 
weight of the same coal from which the coke was made, 
and 66 lbs. of coke were obtained from 100 lbs. of coal. 
Ash-wood used as fuel was found inferior to common 
Yorkshire coals in the proportion of 42 to 100. The 
performance of the kind of Newcastle coals called Team 
Top, was found superior to the common Yorkshire 
or Halton coal, in the ratio of 120 to 100. Cannel coal 
from Wakefield in Yorkshire, was superior to Halton in 
the ratio 133 to 100. Middleton-wood coals, and Welsh 
coals, were superior to Halton, as 110 to 100 ; and Ber- 
wick-moor coals were inferior to Halton, in the ratio 86 
to 100. 

In consequence of this admirable method of procedure, 
Mr Smeaton improved the proportions and structure of 
the atmospheric engine, and very soon produced ma- 
chines which excelled in their dimensions and efficiency 
every thing which had preceded them. In 1772 he 
erected an engine at Long Benton colliery, near New- 
castle, which he ever afterwards considered as his stand- 
ard. The following are its principal dimensions and 
performance : Diameter of the cylinder, 52 inches — 7 
feet stroke, 12 strokes per minute, being 84 feet useful 
motion per minute, and 168 feet total motion per minute. 
Load of water = 7.1 tons. Load per square inch =- 
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7^ lbs. Consnmption of coals, 17.63 lbs. per horse power 
per hoar. Work of one bushel or 84 lbs. of coals = 
9.45 millions of lbs. one foot high. The total power of 
engine was about 40^ horse-power, and for every horse- 
power the boiler had 52 cubic feet of total space, 27.75 
cubic feet of steam room, and 6.25 square feet of hori- 
zontal surface of water. The furnace had, for every 
horse power, 3.5 square feet of fire surface, 7.83 square 
feet of flue surface, and .867 square foot of fire grate. 
The total steam produced per minute was about 62.95 
feet per horse power ; of this 30.58 feet were used in 
moving the piston, 8.92 feet wasted to fill the extra space 
in the cylinder, and 23.45 condensed on the surface of 
the cylinder. 

Mr Farey has given an excellent description and inves- 
tigation of this engine, with two plates taken with his 
wonted fidelity and beauty, from the original drawings. 

Mr Smeaton also constructed a portable fire-engine, 
for the purpose of being used to draw water from tem- 
porary excavations, shafts, quarries, &c., so framed as to 
require no erection of a building, and to be easily 
removed from place to place. The fire is wholly within 
the boiler. The framing of the engine is constructed of 
timber, trussed and arranged in such a manner as to con- 
tain within it every kind of strain whatever which the 
force of the machine and the resistance may produce. The 
details of this engine are given in his reports, from which 
we extract the following figures and descriptions : 

Fig. 30 contains a side view of the engine and boiler* 
AB is the pit or shaft. CC is the upright of the founda- 
tion walls on each side of the pit, for supporting the 
ground sill c across the pit, upon which one side of the 
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«lig^Be-fram6 is raiged. DD is the foundstion wutl for Biip- 
portin^ the groundsill d, upon which the other side ■■ 
nused ; E the foandation wall for sopporting th« boiler, 



Fig. 30. 




and forming the ash-hole. F is the hoiler.ythe fire-door, 
g the chimnejr, S the steam-pipe, p the puppet-clack, r the 
feeding-pipe fannel, z the man-hole, G the cylinder, H 
the main pump spear, I the jackhe ad-pump, by the con- 
tinuationwhereof,AAA, the water, is conveyed into L, the 
inje eon- cistern. Misawheelserving instead of the great 



beam,»iariin ofa smaller diamfiter.attaclied to tbefi 
fur working the jackliead-pump I, and plugfraiQe Q. a a 
are pulleys to bring their chains into a convenient place 
for Morking. Tiie wheel is stopped at the end of iti 
intended stroke, wlikb is to be C^ feet stop and atop, by 
means of the two iron fids bl/, which, reaching out on 
each Bide of the great rim, stop against two strong iron 
pins ee, which are fixed into a cross beam S, framed into 
the piece T, and the whole firmly bolted together, ai 
shown In the design. N is the injection- pipe, n tbe in- 
jection-cock, and X the piston water-cock. O is the hot 
well. R is a »tage for the person to stand upon who hands 
the engine. PP are the two main beams or aloepen, 
npon which the cylinder is seated upon its bottom and 
bolted down. The whole is kept from springing or fly- 
ing off by an iron strap. 

Fig. 31. 
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The waste water pipes are omitted to prevent confii* 
sion. Fig. 31 shows a section of the hoiler, cylinder, and 
pipes, with the working- gear, to a larger scale, the whole 
heing divested of the framing in order to render every 
thing more distinct. 

The holler is supposed to he turned one quarter 
round from its true position, in order that the most 
material parts may he brought into one view. It is also 
to he noted, that every vessel or pipe is supposed to he 
cut right through the middle, in order to show the con- 
tents, and that the section is not confined to any par- 
ticular plane ; but, for the more perfect explaining of the 
principal figure, it will be best to begin with the little 
plan at the right-hand corner of the figure. A B C D is a 
plan of the cylinder bottom, bolted down upon the two 
main beams AB and CD ; the dotted circle EF shows the 
extremity of the bottom flanch of the cylinder, and the 
circle 6H, the diameter of the cylinder within ; the hole I 
answers the steam-pipe and regulator, and the hole K the 
eduction or sinking-pipe, and the circle LM its flanch ; 
the circle NO shows the size and position of the regula- 
tor-plate, and the dotted circle PQ the size of the receiver 
in which the sliding- valve of the regulator R works, and 
in this position is open ; ST is the lever by which it is 
worked, and when that is brought forward into the posi- 
tion SV, then the valve covers the aperture of the regula- 
tor. In the principal figure, A is the boiler, and B the fire- 
place, which is of cast iron and of a spherical form, and 
placed in the interior of the boiler. The coals are intro- 
duced by the large pipe C, and the smoke is conducted 
by the curved pipe D into the funnel or chimney E 
The ashes fall through the grate S and the wide pipe 

H 
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F, into the ash- holes below. The other appendages of 
the boiler, are a cock for emptying it, marked T, two 
gaage- cocks for ascertaining the height of the water, 
the puppet-clack or safety-valve, loaded with a sufficient 
weight, and having a string attached to it, so that the 
attendant on the engine can raise it when necessary to 
allow the steam to escape. The boiler has also a man- 
hole, which is better seen at Z in fig. 30. The curved 
smoke-pipe D is surrounded by a copper casing, into 
which the water for feeding the boiler flows from the 
hot well, so as to be highly heated before being admit- 
ted into the boiler. The other parts of the engine shown 
in the figure are, G the cylinder, into which the steam 
from the boiler flows through the pipes d e H 1, which 
are jointed at f for the readier taking asunder, "EL the 
piston, G the piston-rod, H the receiver for the Bteam, 
containing the regulator-valve, I the steam-pipe, L the 
snifting-clack, M the injection-cock, N the injection- 
pipe, P jt? 7y the plug-frame, i m arms of the tumbler on 
which the plugs act, k o s. rod connecting the end of the 
tumbler with the handle of the regulator, w h x z the 
faller or F lever, with its detent or catch at o. 

But the most magnificent of Smeaton's works in this 
department of his profession is his great Chasewater 
engine, of which the detsiils are given in his Reports. This 
engine was of 130 Iiorses' power, turning out 880 hogs- 
heads of water per hour, by the heat of 16^ bushels of 
coal. We have given a cut of this engine, Fig. 32 ; and 
we recommend the engineer to consult the original in 
Smeaton*s Reports, as it is full of ingenious contrivance 
and judicious arrangement. The cylinder A B is 72 
inches in diameter, the stroke 10 feet 6 inches. The great 



beam of tbe engine, DD, consists of twenty large balks of 
timber, tliefour nearesttlie centre being each afoot sqnare, 
and tlie whole firmly joggled together with heart of oak, 
and bolted with iron, forming a very elegant but pon- 
derous beam. The cylinder beams FF, upon which the 

Fig 32. 
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cylinder rests, and whicli are kept in their place hy being 
entered into the side walls of the honse, are joggled 
and framed together in a similar manner to the great 
lever. G is the boiler, H the furnace, I B the steam- 
pipe, J the injection -pipe, K the cistern for the injecden 
water, fed hy a pump L, which iit wrought by the great 
lever of the engine, M the waste-pipe for the condensed 
ateam, N the spear or pump-rod of the great draining-pmnp 
wrought by the engine, P P the plug-tree mspeoded 
from the main beam carrying plugs, which in its upward 
and downward progress act on the levers which open and 
shut the regulator and injection-cocks. The date of this 
engine is 1775. The working gear of the engine is very 
Fig. 33. 
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Bimple and good. It is represented on a larger scale in 
the cut, fig. 33. 

A is the lower corner of the cylinder, A A' A' the in- 
jection-pipe, B the injection- cock, B F its handle or span- 
ner passing between the forks of the bent lever E Z F F', 
called the F lever, by which the cock is opened and shut. 
The tail Z 12 of this F lever is, by the downward motion 
of the plug-tree P, forced from the position shown by the 
dotted line Z 18, into the position in which it is seen in 
the drawing, and it is there retained by the catch III, 
While the lever is in this position the injection-cock is 
shut, the steam from the boiler is flowing into the cylinder, 
and the piston is rising. When the piston has nearly 
reached the top of its course, an apparatus attached to the 
plug-frame P, draws up the catch / / /, and releases the F 
lever, which is forced into the position 18 Z, by the bob 
or weight 16, carried by its end F', and the consequent 
movement of its fork F opens the injection-cock; T ^ 11, 
9, is the Y lever or tumbler, which acts upon the stirrup 
rod k attached to the spanner of the regulator, as in 
Beighton's gear, figs. 25, 27. The range of the tumbler's 
motion on each side of the perpendicular is regulated by its 
check-cord T I, which is passed round a roller I, furnished 
with a paul and ratchet, so that its length may be ad- 
justed. The tumbler is moved by pins in the plug-frame 
P, acting upon its bent arms ^ 3, a; 7. 

In the left-hand corner at the bottom of the figure is 
seen a representation of a slider, which may be fixed upon 
the plug-tree instead of the pins, to work the lever. There 
is both a side and a front view of the slider. Q R shows 
a part of the plug-tree, N V the slider, and W 20 W 20 
two screws for retaining the slider in its place. By this 
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means the working-stroke may be adjusted much more 
sarely than by the pins or plugs. 

The working of the injection-cock by the forked end of 
the F lever was found to be defective, and Mr Smeaton, 
in the engines which he afterwards constructed, fixed a 
toothed sector on the end of the lever, which was made 
to act upon a toothed wheel, carried by the axis of the 
injection-cock, somewhat in the manner of the parts of 
Beighton's gear represented in figs. 25, 29. 

3. The Era of Watt. 

Before the time of James Watt, the steam or atmos- 
pheric engine was a more costly power than horses, except 
where fuel was extremely cheap. At the mouth of a coal-pit 
almost any sort of steam-engine or fire-engine is better than 
horses, because it consumes the produce, and often the re* 
fuse of the pit, and is valuable for the purpose of volatilising 
the mass of small coals which would otherwise lumber 
the mouth of the pit. The worst sort of engine would 
raise more coal in twelve minutes than it would con- 
sume in twelve hours. In such circumstances, almost any 
fire-engine is cheaper than the labour of horses, and the 
more voracious of fuel the more economical of labour. 
We find that the rudest, most antiquated, worst made 
and worst tended engines in the world, are the engines of 
Durham coal-fields and around Newcastle, where there 
are more bad engines than in all the rest of the world. 
The reason is obvious ; the only constant expense attend- 
ing the use of these engines is the labour of shovelling 
in coals. The atmospheric engine, even after it had re- 
ceived all the improvements of three quarters of a cen- 
tury, and attained in the hands of Smeaton all the 
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perfection of which it was capable, still continued an ex- 
travagant consumer of coals. Watt was the man who 
turned the scale of expense so as to give a great pre- 
ponderance in favour of the fire-engine. In his hands 
it ceased to be an atmospheric engine^ and became wholly . 
a steam-eiiginey capable of being employed in an immense 
variety of applications, on a much larger scale, and at 
much less expense than the power of horses, wherever 
the prices of fuel and of fodder were not in greater dis- 
parity than in this country. 

We have seen that hitherto the fire-engine, even in 
Smeaton*s hands, was an engine that wasted a large 
quantity of fuel and of steam in doing what was useless, 
namely, heatingthe cylinder, which was cooled alternately 
in each stroke by the cold water injected into it. In 
Long Benton colliery engine, out of sixty-three cubic 
feet of steam thirty-rtwo feet were thus wasted, and the 
remaining thirty-one feet alone performed useful work. 
There remained, therefore, one-half of the power of the 
steam and expense of the fuel to be saved by future im- 
provements, provided the useless heating and cooling of 
the cylinder could be superseded. The vacuum formed 
below the cylinder was also far from being perfect. 
Watt found the atmospheric fire-engine in the hands of 
Smeaton, produced from it the pure steam-engine, and 
left it to us in its present state of high improvement. 
This portion of the history of the steam-engine was con^ 
tributed as a commentary upon the original article of the 
EncyclopcBdia Britannica, by the person of all others best 
qualified to do it justice. Watt himself. For the purpose 
of further illustration, we have added some figures, as 
well as some remarks. 
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** My attention was first directed in the year 1759 to 
the subject of steam-engines by the late Dr. RobuODy 
himself then a student in the University of Glasgow, and 
nearly of my own age. He at that time threw out an 
idea of applying the power of the steam-engine to the 
moving of wheel carriages, and to other purposes ; bat the 
scheme was not matured, and was soon abandoned on his 
going abroad. 

« About the year 1761 or 1762, I Fig. 04. 

tried some experiments on the force of 
steam, in a Papin's digester, and formed 
a species of steam-engine by fixing 
upon it a syringe one-third of an inch '^j^ 
in diameter, with a solid piston, and 
famished also with a cock to admit the 
steam from the digester, or shut it o£F 
at pleasure, as well as to open a communicatiuu from 
the inside of the syringe to the open air, by which the 
steam contained in the syringe might escape. When 
the communication between the digester and syringe 
was opened, the steam entered the syringe, and by 
its action upon the piston raised a considerable weight 
(fifteen lbs.) with which it was loaded. When this 
was raised as high as was thought proper, the com- 
munication with the digester was shut, and that with 
the atmosphere opened ; the steam then made its escape^ 
and the weight descended. The operations were re- 
peated, and though in this experiment the cock was 
turned by hand, it was easy to see how it could be done 
by the machine itself, and to make it work with perfect 
regularity But I soon relinquished the idea of constrnct- 
ing an engme upon this principle, from being sensible 
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it would be liable to some of the objections against 
Savary's engine, viz. the danger of bursting the boiler, 
and the difEculty of making the joints tight, and also that 
a great part of the power of the steam would be lost, be- 
cause no vacuum was formed to assist the descent of the 
piston. 

<< The attention necessary to the avocations of business 
prevented me from then prosecuting the subject farther ; 
but in the winter of 1763*4, having occasion to repair a 
model of Newcomen's engine belonging to the Natural 
Philosophy Class of the University of Glasgow, my mind 
was again directed to it. At that period, my knowledge 
was derived principally from Desaguliers, and partly 
from Belidor. I set about repairing it as a mere 
mechanician, and when that was done and it was set to 
work, I was surprised to find that its boiler could not 
supply it with steam, though apparently quite large 
enough ; (the cylinder of the model being two inches in 
diameter, and six inches stroke, and the boiler about nine 
inches diameter.) By blowing the firie it was made to 
take a few strokes ; but required an enormous quantity of 
injection water, though it was very lightly loaded by the 
column of water in the pump. It soon occurred to me, that 
this was caused by the little cylinder exposing a greater 
surface to condense the steam, than the cylinders of larger 
engines did, in proportion to their respective contents. It 
was found that by shortening the column of water in the 
pump, the boiler could supply the cylinder with steam, 
and that the engine would work regularly with a 
moderate quantity of injection. It now appeared that 
the cylinder of the model, being of brass, would conduct 
heat much better than the cast- iron cylinders of larger 
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engines, (generally covered on the inside with a stony 
crust,) and that considerable advantage could be gained 
by making the cylinders of some substance that would re« 
ceive and give out heat slowly. Of these, wood seemed 
to be the most likely, provided it should prove sufficiently 
durable. A small engine was therefore constructed, writh 
a cylinder six inches diameter and twelve inches stroke, 
made of wood, soaked in linseed oil, and baked to dry- 
ness. With this engine many experiments were made ; 
but it was soon found that the wooden cylinder was not 
likely to prove durable, and that the steam condensed in 
filling it still exceeded the proportion of that required 
for large engines according to the statements of Desagn- 
liers. It was also found, that all attempts to produce a 
better exhaustion by throwing in more injection, caused 
a disproportionate waste of steam. On reflection, the 
cause of this seemed to be the boiling of water in raeao 
at low heats, a discovery lately made by Dr Cnllen and 
some other philosophers, (below 100, as I was then in- 
formed,) and consequently, at greater heats, the water in 
the cylinder would produce a steam which would, in 
part, resist the pressure of the atmosphere. 

*' By experiments which I then tried upon the heats at 
which water boils under severaTpressures greater than that 
of the atmosphere, it appeared that when the heats pro- 
ceeded in an arithmetical, the elasticities proceeded in 
some geometrical ratio; and by laying down a cnrye 
from my data, I ascertained the particular one near 
enough for my purpose. It also appeared that any ap- 
proach to a vacuum could only be obtained by throwing 
in large quantities of injection, which would cool the 
cylinder so much as to require quantities of steam to heat 
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it again, out of proportion to the power gained by tbe 
more perfect vacaum; and tliat the old engineers had 
acted wisely in contenting themselves with loading the 
engine with only six or seven pounds on each square inch 
of the area of the piston. It being evident that there was 
a great error in Dr Desaguliers' calculations of Mr 
Beighton's experiments on the bulk of steam, a Florence 
flask, capable of containing about a pound of water, had 
about one ounce of distilled water put into it; a glass 
tube was fitted into its mouth, and the joining made 
tight by lapping that part of the tube with packthread 
covered with glaziers' putty. When the flask was set 
upright, the tube reached down near to the surface of the 
water, and in that position the whole was placed in a tin 
reflecting oven before a fire, until the water was wholly 
evaporated, which happened in about an hour, and might 
have been done sooner, had I not wished the heat not 
much to exceed that of boiling water. As the air in the 
flask was heavier than the steam, the latter ascended to 
the top, and expelled the air through the tube. When 
the water was all evaporated, the oven and flask were 
removed from the fire, and a blast of cold air was 
directed against one side of the flask, to collect the con- 
densed steam in one place. When all was cold, the tube 
was removed, the flask and its contents were weighed 
with care ; and tlie flask being made hot, it was dried 
by blowing into it by bellows, and when weighed again^ 
was found to have lost rather more than four grains, esti- 
mated at four and a third grains. When the flask was 
filled with water, it was found to contain about seventeen 
and one-eighth ounces avoirdupois of that fluid, which 
gave about one thousand eight hundred for the expansion 
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of water converted into steam of the heat of boiling 
water. 

" This experiment was repeated with nearly the same 
result ; and in order to ascertain whether the flask had 
been wholly filled with steam, a similar quantity of water 
was, for the third time, evaporated ; and, while the flask 
was still cold, it was placed inverted, with its mouth 
(contracted by the tube) immersed in a vessel of 
water, which it sucked in as it cooled, until in the tem- 
perature of the atmosphere it was filled to within half an 
ounce measure of water. 

<< In repetitions of this experiment at a later date, I 
simplified the apparatus by omitting the tube, and laying 
the flask upon its side in the oven, partly closing its month 
by a cork, having a notch on one side, and otherwise 
proceeding as has been mentioned. 

** I do not consider these experiments as extremely ac- 
curate ; the only scale-beam of a proper size which I had 
then at my command not being very sensible, and the 
bulk of the steam being liable to be influenced by the 
heat to which it was exposed, which, in the way described, 
is not easily regulated or ascertained ; but, from my ex- 
perience in actual practice, I esteem the expansion to be 
rather more than I have computed. 

<< A boiler was constructed, which showed by inspec- 
tion the quantity of water evaporated in any given time, 
and thereby ascertained the quantity of steam used in 
every stroke by the engine, which I found to be several 
times the full of the cylinder. Astonished at the qaan« 
tity of water required for tlie injection, and the great 
heat it had acquired from the small quantity of water in 
the form of steam which had been used in fiUing the 
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cylinder, and thinking I had made some mistake, the 
following experiment was tried : — A glass tube was bent 
at right angles, one end was inserted horizontaUy into 
the spout of a tea-kettle, and the other part was immersed 
perpendicularly in well water contained in a cylindric 
glass vessel, and steam was made to pass through it until 
it ceased to be condensed, and the water in the glass 
vessel was become nearly boiling hot. The water in the 
glass vessel was then found to have gained an addition of 
'about one-sixth part from the condensed steam. Conse- 
quently, water converted into steam can heat about six 
times its own weight of well water to 212^, or till it can 
condense no more steam. Being struck with this re- 
markable fact, and not understanding the reason of it, I 
mentioned it to my friend Dr Black, who then explained 
to me his doctrine of latent heat, which he had taught for 
some time before this period, (summer 1764 ;) but having 
myself been occupied with the pursuits of business, if I 
had heard of it, I had not attended to it, when I thus 
stumbled upon one of the material facts by which that 
beautiful theory is supported. 

" On reflecting further, I perceived that, in order to 
make the best use of steam, it was necessary, first, that 
the cylinder should be maintained always as hot as the 
steam which entered it; and, secondly, that when the 
steam was condensed, the water of which it was composed, 
and the injection itself, should be cooled down to 1 00^, or 
lower, where that was possible. The means of accom- 
plishing these points did not immediately present them- 
selves ; but earli/ in 1765 it occurred to me, that if a 
communication were opened between a cylinder containing 
steamy and another vessel which was exhausted of air and 



102 THE STEAM-ENOniB. 

other fluids, the steam, as an elastic fluids would imtnedi* 
ately rush into the empty vessel, and continue so to do 
until it had established an equilibrium ; and if that 
vessel were kept very cool by an injection, or otherwise, 
more steam would continue to enter, mitil the whole wai 
condensed. But both the vessels being exhausted, or 
nearly so, how was the injection- water, the air which 
would enter with it, and the condensed steam, to be got 
out ? This I proposed, in my own mind, to perform in 
two ways. One was by adapting to the second Tessel ■ 
pipe reaching downwards more than thirty-fonr feet, by 
which the water would descend, (a column of that length 
overbalancing the atmosphere,) and by extracting the air 
by means of a pump. 

<< The second method was by employing^ a pump, or 
pumps, to extract both the air and the water, which would 
be applicable in all places, and essential in those eases 
where there was no well or pit. 

" This latter method was the one I then preferred, and 
is the only one I afterwards continued to use. 

<< In Newcomen's engine, the piston is kept tight hj 
water, which could not be applicable in this new method ; 
as, if any of it entered into a partially exhausted and hot 
cylinder, it would boil and prevent the production of a 
vacuum, and would also cool the cylinder by its evapora- 
tion during the descent of the piston. I proposed to 
reniedy this defect by employing wax, tallow^ or other 
grease, to lubricate and keep the piston tight. It next 
occurred to me that the mouth of the cylinder being 
open, the air which entered to act on the piston would 
cool the cylinder, and condense some steam on again fill- 
ing it ; I therefore proposed to put an air-tight cover t^fHm 
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the cylinder, witkahole and stu^n^bax for the piston-rod 
to slide throuff/i, and to admit steam abore the piston to 
act upon it instead of the atmosphere. There still re- 
mained another source of the destruction of steam, the 
cooling of the cylinder by the external air, which would 
produce an internal condensation whenever steam entered 
it, and which would be repeated every stroke ; this I 
proposed to remedy by an external cylinder containing 
steam, surrounded hy another of wood or o/" some other 
substance whxek would conduct heat slowly 

" ^*^™ on*^ Fig 35 

the idea of the 
separate conden' 
sation was start 
ed, all these tm 
provemenls fol- 
lowed as corolla 
ries in quick sue 
cession, so that 
in the course 
of one or two 
days, the in\en- 
tion was thus far 
complete in my 

immediately set 

about an expen 

ment to verify 

it practically. I took a large brass syringe A, one and three- 

foortb inches diameter, and ten inches long, made a cover 

and bottom to it of tin-plate, with a pipe S to convey 

steam to both ends of the cylinder from the boiler; 
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another pipe E to convey steam from the upper end to 
the condenser, (for, to save apparatus, I inverted the 
cylinder.) I drilled a hole longitudinally through the 
axis of the stem of P the piston, and fixed a valve 
at its lower end, to permit the water which was pro- 
duced by the condensed steam, on first filling the cylinder, 
to issue. The condenser used upon this occasion con- 
sisted of two pipes a b, c d) of thin tin-plate, ten or 
twelve inches long, and about one-sixth inch diameter, 
standing perpendicular, and communicating at top with a 
short horizontal pipe h of large diameter, havings an 
aperture on its upper side which was shut by a valve 
opening upwards. These pipes were joined at bottom to 
another perpendicular pipe p of about an inch dia- 
meter, which served for the air and water pump ; and 
both the condensing pipes and the air-pump were placed 
in a small cistern C filled with cold water. 

<< The steam-pipe was adjusted to a small boiler B. 
When steam was produced, it was admitted into the 
cylinder, and soon issued through the perforation of the 
rod, and at the valve of the condenser. When it was 
judged that the air was expelled, the steam-cock was 
shut, and the air-pump piston-rod was drawn up, which 
leaving the small pipes of the condenser in a state of 
vacuum, the steam entered them and was condensed. 
The piston of the cylinder immediately rose, and lifted a 
weight of about eighteen pounds which was hung to the 
lower end of the piston-rod. The exhaustion-cock was 
shut, the steam was re«admitted into the cylinder, and the 
operation was repeated ; the quantity of steam consumed, 
and the weights it could raise were observed ; and, ex- 
cepting the non- application of the steam- case and exter- 
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nsl covering', tlie invention was complete, in so far as re- 



Fig 36 




garded the savings of steam and 

fuel. A large model, with an 

outer cylinder and wooden case, 

was immediately cuii'^tructed, 

and the experiments made with 

it served to verify the e\pecta 

tiouB I had formed, and to place 

the advantage of the invention 

beyond the reach of doubt It fL^ 

was found convenient after ward i 

to change the pipe condenser to: 

an empty vessel, generally of a cylindrical form, into which 

an injection played, as in fig. 36, and in consequence of 

there being more water and air to extract, to enlarge 

the air-pnmp. 

" The change was made, became, in order to procure a 
surface sufficiently extensive to condense the steam of a 
large engine, the pipe- con denser would require to be very 
voluminous, and because the bad water with which 
engines are frequently supplied, would crust over the 
thin plates, and prevent their conveying the heat snflS- 
ciently quick. The cylinders were also placed with their 
mouths upwards, and furnished with a working-beam, 
and other apparatus, as was usual in the ancient engines ; 
the inversion of the cylinder or rather of the piston-rod, 
in the model, being only an expedient to try more easily 
the new invention, and being subject to many objections 
in large engines. 

>' In 1768 1 applied for letters patent for my ' Methods 
of Lessening the consumption of Steam, and consequently 
of Fuel) in Fire-Engines,' which passed the Seals in Janu- 
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ary 1769 ; and my specification was enrolled in Cbanoerj 
in April following, and was as follows :— 

<< My method of lessening the consamption of steam, 
and consequently fuel, in fire-engines, consists of the fol- 
lowing principles : — 

" First, That vessel in which the powers of steam 
are to be employed to work the engine, which is called 
the cylinder in common fire-engines, and which I call 
the steam-vessel, must, during the whole time the engine 
is at work, be kept as hot as the steam -that enters it ; 
first, by enclosing it in a case of wood, or any other 
materials that transmit heat slowly ; secondly^ by sur- 
rounding it with steam or other heated bodies ; and, 
thirdly, by suffering neither water or any other substance 
colder than the steam, to enter or touch it during that timei 

" Secondly, In engines that are to be worked wholly 
or partially by condensation of steam, the steam is to be 
condensed in vessels distinct from the steam- vessels or 
cylinders, although occasionally communicating with 
them ; these vessels I call condensers ; and, whilst the 
engines are working, these condensers ought at least to 
be kept as cold as the air in the neighbourhood of the 
engines, by application of water, or other cold bodies. 

" Thirdly, Whatever air or other elastic vapour is not 
condensed by the cold of the condenser, and may impede 
the working of the engine, is to be drawn out of the 
steam-vessels or condensers by means of pumps, wrought 
by the engines themselves, or otherwise. 

" Fourthly, I intend, in many cases, to employ the ex- 
pansive force of steam to press on the pistons, or what- 
ever may be used instead of them, in the same manner as 
the pressure of the atmosphere is now employed in com- 
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mon fire-engines. In cases where cold water cannot be 
had in plenty, the engines may be wrought by this force 
of steam only, by discharguig the steam into the open 
air after it has done its office. 

<< Lastly, Instead of using water to render the piston 
or other parts of the engines air and steam tight, I em- 
ploy oils, wax, resinous bodies, fat of animals, quicksilver, 
and other metals, in their fluid state. 

<* And the said James Watt, by a memorandum 
added to the said specification, declared, that he did not 
intend that any thing in the fourth article should be un- 
derstood to extend to any engine where the water to be 
raised enters the steam- vessel itself, or any vessel having 
an open comniunication with it." 

Such is Mr Watt's simple account of his beautiful 
invention — the condenser or refrigerator, which is the 
characteristic member of the modern steam-engine. The 
fire-engine of Newcomen possessed only two principal 
members, to which all the other parts may be considered 
as mere appendages. The modern steam-engine of 
Watt consists of three principal members. The two 
members of Newcomen's engine are the generating 
apparatus, by which the steam is produced from the 
water and conveyed to the second member, or the appa- 
ratus of application, where the elastic force of the steam 
is brought in contact with the piston in the cylinder, so 
as to produce the motion required for the mechanical 
effect of the machine, and thus directly applied to the 
work to be done. The third member, added by Watt, is 
a refrigerator or condensing apparatus, perfectly separate 
from and independent of the other two, for reconverting 
the steam, after it has done its duty in filling the cylinder, 
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into the liquid from which it had heen originally fonned. 
We have, then, the boiler or generator with its appen- 
dages, the cylinder or applicator with its appendages, 
and the refrigerator or condenser with its appendages, 
— the function to be discharged by the first of these 
being altogether the reverse of the last ; the first pro- 
ducing steam by heat from water, the last producing 
water from steam by cooling. 

Fig. 37, The progress of improvement in the 

Papin's Apparatus.gteam- engine may be very well illustrated 

by comparison with an early project of Dr 
Papin, who, although he contributed no part 
towards the production of the modem 
steam-engine, nevertheless exercised his 
ingenuity curiously, though fruitlessly, upon 
the project of deriving mechanical power 
from the motion of a piston in a cylinder, 
first of all by gunpowder, and afterwards 
by steam. In Papin's project, ^g. 37, he 
takes a cylinder, A B C D, containing a 
piston P, below which he places 
a fire, so as to generate steam 
from a little water in the bottom 
of the cylinder. This steam 
raises the piston, and it is evi- 
dent that on the fire being re- 
moved, steam will be condensed, 
and the piston will again be 
carried to the bottom. Compa- 
ring this rude project, in which 
the steam is alternately pro- 
duced and recondensed in the 




Fig. 38. 

Kewcomen's Apparatus. 
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G^linder itself, which is alternately warmed and chilled, 
with the engine of Newcomen, 6g. 38, we observe the 
following important change. The calefaction of the 
water and generation of steam are carried on in a hoiler, 
W, now remoyed to a considerable distance from and 
totally unconnected with the cylinder, except by a pipe 
of communication opened and shut alternately. Still, how- 
ever, we have the process of cooling and condensation wholly 
carried on inthe cylinder itself,by means of ajetof cold wa- 
ter playing therein. But let us now make a third step, and 
wearriveatthemodelofamachineacting on the principle of 
Mr Watt's, fig. 39. As we have already, in the machine of 
Newcomen, a separate heating apparatus, W, conducting 
the steam in a highly rarefied state to the cylinder, so now 
let us have a vessel, C, placed on the other side, and let 
this vessel have first been rendered empty or perfectly 
racaous by expelling and pumping ont the air; and let 
us also, for the sake of experiment, pnt a few Inmps of 
ice and salt in the inside and on the outside of this vessel, 
surrounding it on every side; and we shall have a refri- 
Fig. 39. 




geratAr as a counterpart to the boiler, and a type of the 
improvement of Watt. 



1]0 TBE STKAH-XSOnn. 

If we now open the stopcock S, the iteam ganentted in 
the boiler will rush into the cylinder, preiaing the putoB 
opwarda; and if the stopcock E be next opened, the 
stopcock S having been prerionsly abut, the steam in B 
will instantly escape into the vacnnm in the refrigerator) 
and being condensed into less than a thonaandth part of 
its hulk, will leave the cylinder vacuons. Thus the motion 
of the piston upwards and downwards is effected by the 
inventions of Newcomen and Watt, without either apply- 
ing the fire or the cold directly to the cylinder in wfaid 
the power is given out. Thus the losa of more than fifty 
per cent is remedied by the separate condenaer of Watt 
Papin's scheme was possible but not pradjcable ; New 
comen's was practicable but wastefnL Watt'a engine is 
practical, economical, and complete, both in. theory and 
in practice, as it renders available all the power of halt 
which the steam contains, with the exception only of the 
Fig. 40. 
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very small part consumed in giving motion to the machine 
itself. 

The foregoing figure (40) approaches very closely to the 
form of Mr Watt's first engines. Their details are as 
follows. In the diagram, A represents the cylinder of 
his earlier engine, B the hoiler, and C the condenser, 
each with its various appendages. The appendages of 
the hoiler B, are of course, f^ the furnace in which the 
fuel is humed ; g gy small pipes for showing the height 
of the water in the hoiler ; A, a pipe for supplying the 
hoiler with water as its contents pass off in the form of 
steam; **, a steam-pipe for the purpose of conveying the 
steam to the top of the cylinder. The appendages of 
the cylinder are, p, the piston, fitting accurately the in- 
side of the cylinder, surrounded with hemp packing, 
soaked with tallow and oil, so as to he steam-tight ; the 
casing, cccc, which excludes the cold air of the atmo- 
sphere from entering into the cylinder to cool it down at 
the expense of afterwards heating it hy the steam ; and, 
instead of allowing it to enter at the top of the cylinder 
at A^ and press down the piston, as in Newcomen's 
engine, the hot steam is suhstitnted, which, heing of an 
elasticity equal to the atmosphere, presses it, with a 
force equal to the atmosphere, towards the hottom of 
the cylinder. After reaching the hottom of the cylin- 
der, the handle of the valve v^ is raised so as to make 
an opening for the steam to enter helow as well as 
above the piston ; which equilibrium of upward and down- 
ward pressure allows the piston once more to rise, in 
consequence of a counterbalancing weight connected to 
the top of the piston-rod r ; and this opening of what is 
called the steam-valve v^ continues until the piston once 
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more reaches the top of the cylinder, when it is closed; 
The eduction valve v^^ which is at that moment openedi 
permits the steam to escape suddenly into the condens- 
er, when it becomes water, and leaves the space be- 
low the cylinder vacuous, so as to give free space for 
the piston to be carried down into the cylinder by the 
pressure of the steam resting always on the top of the 
piston. These, the casing, piston, piston-rod, steam- 
valve, eduction- valve, and communicating passages, are 
appendages of the second great member of the machine» 
the cylinder, by which the power of the steam is applied 
to give the required motion to whatever solid machinery 
may be placed in connexion with the piston-rod. The 
appendages of the condenser, C, of Mr Watt are as follows. 
First of all, a large cistern, wwwWfOi cold vrater is pro- 
vided, and furnished continually with fresh supplies of cold 
water either from a running stream or by means of a 
pump m riy wrought by the engine itself. In this is 
placed the condensing chamber Q,x x^ wholly surrounded by 
the cold water, but perfectly empty, excepting that a small 
jet of cold water from the exterior is admitted throngii a 
regulated aperture to play in the inside, by whidi injeo- 
tion it has always been observed that the condensation of 
the steam is more efficient than when a casing of metal 
intervenes between the cold water and the steam* The 
eduction -pipe eee^ conducts the steam out of the cylinder 
by the valve v^ into the condenser x Xy where it is redaced 
back into the water from which it had been originally gen- 
erated. Now, it must be obvious on a little consideration, 
that the water which is injected into the condenser 
must rapidly accumulate there, becoming at the same 
time warmed by contact with the steam, so as to impede 
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the process of condensation, and ultimately filling up 
the interior of the condensing chamber, which should 
be kept vacuous ; and further, that the steam itself, becom- 
ing reconverted into water, would in a short period of 
time accumulate in the condenser and choke it up. 
Hence a principal and essential appendage of the con- 
denser is a large pump called the condenser-pump, which 
is essential to its long-continued efficient action, and 
which withdraws a portion of the accumulated warmed 
water from the interior of the condenser, and keeps it 
vacuous ; and because there is generally air in combina- 
tion with the water, and because also air is very apt to 
insinuate itself by many chinks or crevices into the con- 
denser, this clearing-pump must be capable of pumping 
out air as well as water. This appendage of the condens- 
er, represented in the preceding figure by yy^ is gen- 
erally termed the " air-pump ;*' a name which imperfectly 
expresses the functions of the said condenser-pump. 

Fire being placed under the boiler, its heat, communi- 
cated to the water, rapidly expands that water, and rarefies 
it into steam, by the addition of six times more than its 
usual supply of heat. This combination of heat and water, 
forming the steam, rushes along the steam>pipe into the 
cylinder casing, and is admitted into the interior of the 
machine, filling all its chambers and pipes with steam ; 
but that portion of the steam which is in communication 
with the condenser being instantly chilled by the jet of 
cold water and the cold sides of the vessels in the cold 
well, is condensed, and then the valve v^ being closed so 
as to admit no more steam into the condenser, and the 
valve v^ closed so as to admit no more steam into the 
lower part of the cylinder below the piston, there remains 
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the elastic force of the steam above, pressing it to* 
wards the bottom of the cylinder with a force propor- 
tioned to the pressure of the steam and the extent of 
the cylinder. Thus a moving power is generated in the 
cylinder by the steam, which may be conveyed through 
the piston-rod r, and applied through various mechanism 
of application to the performance of the required work. 
The steam which has thus pressed down the piston is 
now admitted below to neutralize the force of that which 
remains ; and having thus done its duty, is once more 
annihilated by the opening of the communication into the 
condenser, into which it rushes, and being almost instantly 
deprived of the caloric which gave it power and magni- 
tude, there remains nothing except the few spoonfals 
of water from which all that volume of steam had arisen, 
now lying inert at the bottom of the cylinder. This dead 
water is not yet cold. It is evident that in the primacy 
generation of steam in the boiler, the supply of water 
must be rapidly diminished by this boiling off, and that 
this water must somehow be supplied. Now here lies' an 
improvement : this waste, instead of being supplied by 
cold water, may be better replenished with the water of 
the condenser, which is highly heated in condensing^ the 
steam from the cylinder. 

Mr Watt*s Engine was first used as a substitute for the 
engine of Newcomen in pumping up water or draining 
mines : in 1788 it had attained the form which we haye 
given in the following figure. The engine is represented 
ill fig. 41 as contained within the walls of a building, the 
anterior portion of which is removed to show the machine. 
The boiler stands on the left of the figure, on the ontside 
of the building; and on the right of the figure, also on the 
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outside of the house, are the large pumps, hy which the 
water is raised, and the work of the engine performed. 
Nearly in the centre of the huilding stands the cylinder 
with its appendages, and below these are the cold well and 
condensing apparatus. 

Beginning with the apparatus for generating steam ; 
on the left of the figure, H is the boiler, of what is called 
the waggon shape, set in a furnace of brick-work imme- 
diately over the fire, which rests on the fire-bars at p, 
leaving a very deep ash-pit below ; the flame passes away 
under the concave bottom of the boiler to the further end, 
and there, instead of proceeding at once up the chimney, 
returns by o on the left side of the boiler, through the 
brick channel or flue, giving out additional heat to the 
water, and after passing across the front of the boiler, 
proceeds along the right-hand flue o to the chimney. The 
draught of the chimney is regulated by means of the 
damper r, which descends into the flue or is raised out of 
it in any degree by the attendant, and so permits the air 
to rush with greater or less ease up the chimney. A tube 
f, regulated by a stopcock, comes from a small pump U 
on the right-hand side of the figure, which raises the 
warm water discharged by the air-pump, and sends it into 
the boiler so as to replenish its waste ; this pipe and pump 
being generally named the feed-pipe and tube. The 
two little tubes proceeding from the water in the 
boiler, are slender pipes open at both ends, and have 
external stopcocks, which are always shut except when 
the attendant wishes to ascertain the height of the water 
in the boiler, when he opens these gauge-cocks, and, observ- 
ing whether water or steam issues from them, forms 
his judgment accordingly. F is the steam-pipe, which 
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carries tlie steam away from tlie boiler to be appUed to its 
useful effect in the second great member of the engine. 

Tbe second great member of the machine is placed in 
llie eiigioe-Louse. A is the working cylinder, in which 
h contained the moving piston B, whicli commnnicates 
llie force impressed on it by the steam, through the 
piston-rod c, and the chain /, to the end of the great 
lever or worl<ing-beam,ya e, wliicU is forced up and dovm 
uround tlie fixed centre or iron gudgeon b, and so raises 
or depresses the other end of the lever on tlie right-hand 
side of thi! figure, and tLus givcB the required motion to 



watt's pumping engine. 117 

A,y, tbe piston and rods in the barrel of the great pump, 
in which the work of raising water to a height or from a 
mine is the useful labour or duty to be performed by the 
engine. Returning to the cylinder at A, we have now to 
examine the mechanism by means of which the steam is 
admitted alternately above and below the piston, through 
the openings or ports which may be observed on the right- 
hand side of the cylinder at top and bottom. F is the steam- 
pipe which brings steam from the boiler to the top of the 
valve passages, and the pipe 1 conducts it down to the bottom 
valves and port at K, and the pipe J forming the eduction- 
pipe, conducts the steam into the refrigerating apparatus, 
where it is finally condensed. In commencing to work the 
machine, the duty of the attendant is to allow the steam to 
pass freely into all the pipes, passages, and ports, F G IJ, 
&c. filling the cylinder A, the condenser M , and passing out 
at an aperture O, closed by a valve called the blow-off valve ; 
by means of which operation, the whole of the parts being 
filled with steam, are rendered vacuous from air, and 
this preparatory process is called blowing through. At 
G it is to be observed that there is a steam-nozzle 
and valve, or regulator, which allows the steam to enter 
the cylinder at the upper part whenever it is opened, 
by raising the metallic cover or valve from the open- 
ing of the nozzle immediately below, which it exactly 
fits. At K is a similar nozzle and valve called the equi- 
librium-valve and nozzle, which admits steam through the 
pipe I into the bottom part of the cylinder ; and the third 
or exhaustion- valve and nozzle or aperture, allows the final 
egress of the steam into the condenser. After the engine 
has been wholly filled with steam, the piston B, being at 
the top of the cylinder, the injection-cock N is suddenly 
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opened, and the cold Jet (Teau playing amongst the steam 
condenses it instantaneously, forming a vacaiun into 
which the steam from the cylinder instantly rushes, and 
is in like manner annihilated, leaving the cylinder below 
the piston equally vacuous ; and of course the steam from 
the hoiler, on heing admitted by the valve G to the upper 
side of the piston, instantly presses it down into tlie vacuum 
below with a force proportional to the perfection of that 
vacuum and to the pressure of the steam. Thus the engine 
makes its first stroke, and raises the water of the great 
pump on the right of the figure, and the weight of 
the chain, rod, and bucket, and also a counterpoise h^ 
added for the purpose of restoring the beam to its former 
position, which it does in the following manner. The 
equilibrium-valve K is opened, and the steam getting 
admission below the piston, as well as above it, ceases to 
urge it in either direction, and being thus in equilibriOf 
the piston would remain passively in its place at the bot- 
tom of the cylinder ; but the action of the counterpoise i, 
and the weight of the water and pump- rods in the large 
pump on the outside, draw down the outer end of the 
great lever or working-beam ^a e, and so nuse the inte- 
rior end y^ and the piston B to the top of the cylinder. 
The equilibrium-valve is then closed at K, and the edno- 
tion-valve L is opened, so as to allow the steam below the 
piston to rush down into the condenser and leave a 
vacuum under the piston, into which it is immediately 
forced down by the pressure of the steam above A as at 
first, and raising water at the other end of the beam 
through a second stroke ; and, thus by the continual open- 
ing and shutting of the valves by the attendant, the engine 
performs its work. But we have still to consider the 
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niei:hanism by which the valves are shut and opened, and 

the machine is made to shut and open its own valves 

Fig. 42. For this purpose we )iave given 

a separate and enlarged drawing of 

one of the valves and its working 

IT : — / 1 Ms a part of the air- 

~ IP'' pump rod, formed of wood, called 

the plug-frame or plug-tree, on 
i which are two projecting plugs of 
j wood to work the upper and lower 

valves ; one of these plugs is seen 
i the plug-tree moves up 
and down, the pings strike the handles or working 
gear of the valves, and open or shut them at the proper 
instant. The valves D E are called conical valves, 
because the small cover D which closes the opening 
of each nozzle under the valve is slightly tapered down- 
wards so as the more readily to fit its seat, and each is 
lifted from its seal by a small toothed rack and pinion c 
moved by a spindle from withoat, communicating by rods 
with the valve gear at r, or at Z and Y in figure 41. 
When the plug-frame HI descends, the valve d is closed 
by the ping t, and the valve K is shut, and the valve L 
in figure 41 opened by the plug Y- 
. Returning to figure 41, it will be seen that the con- 
densing apparatus and its appendages are placed almost 
immediately nnder the cylinder, and to the right of 
it. The eduction-pipe J conducts the steam into the 
condensing chamber M. This chamber is placed in 
the middle of the cold well, so as to he wholly surrounded 
by culd water ; and through the regulated aperture N a 
jet of cold water is allowed to play in the inside of it 
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amongst the steam. P the air-pump is also placed in the 
cold well surrounded by water ; Q the piston or bucket 
of the air-pump is worked up and down by the piston-rod 
Q Y Z g from the great lever. The valve R closes 
when the piston descends, and opens on its ascent, allow- 
ing water and air to pass into the air-pump, but prevent- 
ing its return ; and the upper valve of the air-pump S 
allows the escape of water and air outwards, but prevents 
its return ; this valve S leads to the hot well T, from 
which the feed-pump U draws off a supply of water for 
the boiler. 

« The great advantage of Mr Watt*s form is the 
almost total annihilation of the waste of steam by con- 
densation in the cylinder. The cylinder is always hot, 
and therefore perfectly dry. This must be evident 
to any person wlio understands the subject. By the 
time that Mr Watt had completed these improvements, 
his experiments on the production of steam had g^ven 
him a pretty accurate knowledge of its density : and he 
found himself authorized to say, that the quantity of 
steam employed did not much exceed what would fill the 
cylinder, so that very little was unavoidably wasted. 
But before he could bring the engine to this degree of 
perfection, he had many difficulties to overcome. He en- 
closed the cylinder in another containing steam, and that 
in a wooden case at a small distance from it, whioh 
effectually prevents all condensation in the inner cylinder 
from external influence ; and the condensation by the 
outer cylinder itself, which was very small, had no other 
bad consequence than the loss of so much steam as 
formed the condensed water. 

" The greatest difficulty was to make the great piston 
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tight. The old and e£fectual method, by water lying on 
it, was inadmissible. He was therefore obliged to have 
his cylinders most nicely bored, perfectly cylindrical, and 
finely polished ; and he made numberless trials of differ- 
ent soft substances for packing his piston, which should 
be tight without enormous friction, and which should 
long remain so in a situation perfectly dry and very hot. 

" After all that Mr Watt has done in this respect, 
he thinks that the greatest part of the waste of steam 
which he still perceives in his engines, arises from the 
unavoidable escape by the sides of the piston during its 
descent. 

<< But the fact is, that an engine of this construction, of 
the same dimensions with a common engine, making the 
same number of strokes of the same extent, does not con- 
sume above one-fourth or one-third part of the fuel that is 
consumed by the best engines of the common form. It 
is also a very fortunate circumstance, that the perfor- 
mance of the engine is not immediately destroyed, nor in- 
deed sensibly diminished, by a small want of tightness in 
the piston. In the common engine, if air get in in this 
way, it immediately puts a stop to the work ; but 
although even a considerable quantity of steam get past 
the piston during its descent, the rapidity of condensation 
is such, that hardly any diminution of pressure can be 
observed. 

" When Newcomen's engines are working under loads 
inferior to their whole power, they are regulated to pre- 
vent shocks which would be prejudicial, by lessening the 
quantity of injection, or by shutting the injection-cock 
sooner. These new engines may, in some degree, be re- 
gulated in the same manner ; but it is done more 
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effectaally and economically, first, by limitiiigp the open* 
ing of the regulating valve which admits the steam above 
the piston, and letting it continue so far open during the 
ivhole length of the stroke ; secondly, by letting it open 
fully at first, and shutting it completely when the piston 
has proceeded downwards only part of its stroke ; or, 
lastly, by the use of a throttle-valve, which, acting in the 
same manner as the floodgate of a mill, admits no more 
steam than gives the desired power. 

<< The second of these methods of regulating tbe power 
of the engine, forms the basis of what is called the 
Expansive Evginey which renders available the gfreater 
part of the power with which the steam would rush into 
empty space, were the piston acted upon by the whole 
force of the steam, from the bottom to the top of the 
stroke, through the whole length of the cylinder— a prin- 
ciple which had first occurred to Mr Watt in 1769, and 
was adopted in an engine at Soho manufactory^ and some 
others, about 1776, and in 1778 at Shad well water- 
works, and afterwards particularly described in his speci- 
fication of a patent for several new improvements upon 
steam-engines, in 1782. 

<< The construction of this engine is as has been 
described. The steam-valve is always allowed to open 
fully ; the pins of the plug-frame are regulated so, that 
that valve shall shut the moment that the piston has de- 
scended a certain portion, suppose one-fonrthy one* 
third, or one-half, of the length of the cylinder. So far 
the cylinder was occupied by steam as elastic as common 
air. In pressing the piston farther down, it behoved the 
steam to expand, and its elasticity to diminish. \% it 
plain that this can be done in any degree we please^ and 
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that the adjustment can be varied in a minute, accord- 
ing to the exigency of the case, by moving the plug- 
pins. 

<< In the mean time, it must be observed, that the 
pressure on the piston is continually changing, and con- 
sequently the accelerating force. The motion, therefore, 
will no longer be uniformly accelerated. It will approach 
much faster to uniformity ; nay, it may be retarded, be- 
cause although the pressure on the piston at the beginning 
of the stroke may exceed the resistance of the load, yet 
when the piston is near the bottom, the resistance may 
exceed the pressure. Whatever may be the law by 
which the pressure on the piston varies, an ingenious 
mechanic may contrive the connecting machinery in such 
a way that the chains or rods at the outer end of the 
beam shall continually exert the same pressure, or shall 
vary their pressure according to any law he finds most 
convenient. It is in this manner that the watchmaker, 
by the form of the fuzee, produces an equal pressure on 
the wheel-work by means of a very unequal action of the 
main-spring. In like manner, by making the outer arch- 
heads portions of a proper spiral instead of a circle, we 
can regulate the force of the beam at pleasure. 

'< Thus we see how much more manageable an engine is 
in this form than Newcomen*s was, and also more easily 
investigated in respect of its power in its various posi- 
tions. The knowledge of this last circumstance was of 
mighty consequence, and without it no notion could be 
formed of what it could perform, which may be called a 
discovery of great importance in the theory of the engine. 
We shall give here Mr. Watt's theory of the expansive 
engine which we have just described. 
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<< Let ABCD (Fig. 43.) represent a section of Ae 
cylinder of a steam-engine, and £F the surface of its 
piston. Let us suppose tbat the steam was admitted 
while EF was in contact with AB, and that as soon as it 
had pressed it down to the situation EF, the steam-cock 
IS shut. The steam will continue to press it down, and 
as the steam expands, its pressure diminishes. We may 
express its pressure (exerted all the while the piston 
moves from the situation AB to the situation £F} by 
the line EF. If we suppose the elasticity of the steam 
proportional to its density, as is nearly Fig. 43. 
the case with air, we may express the 
pressure on the piston in any other posi- 
tion, such as KL or DC, by K / and D e, 
the ordinates of a rectangular hyperbola 
r / c, of which AE AB are the asymp- 
totes, and A the centre. The accumu- 
lated pressure during the motion of the 
piston from EF to DC, will be expressed by the 
EFcDE,and the pressure during the whole motion by the 
area ABFcDA. 

<< Now it is well known that the area EFcDE is equal 

to A BEE multiplied by the hyperbolic logarithm of V— 




=z L. 



AD 



( 



-j^, and the whole area ABFcDA is = ABFE x 

^ + ^-AEy' 

<< Thus let the diameter of the piston be 24 inchesy and 
the pressure of the atmosphere on a square inch be 14 
pounds; the pressure on the piston is 6333 ponnds. 
Let the whole stroke be 6 feet, and let the steam be 
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Stopped when the piston has descended 18 inches, or 1.5 
feet. The hyperbolic logarithm of -^ is 1.3862943. 

Therefore the accumulated pressure ABFcDA is = 
6333 X 2.3862943, = 15112 pounds. 

<< As few professional engineers are possessed of a table 
of hyperbolic logarithms, while tables of common loga- 
rithms are, or should be, in the hands of every person 
who is much engaged in mechanical calculations, let the 
following method be practised. Take the common loga- 

rithm of ^^, and multiply it by 2.3026 ; the product is 
A£j 

the hyperbolic logarithm of — _. 

" The accumulated pressure while the piston moves 
from AB to EF is 6333 x 1, or simply 6333 pounds. 
Therefore the steam while it expands into the whole 
cylinder adds a pressure of 8781 pounds. 

** Suppose that the steam had got free admission during 
the whole descent of the piston, the accumulated pressure 
would have been 6333 x 4, or 25332 pounds. 

" Here Mr Watt observed a remarkable result. The 
steam expended in this case would have been four times 
greater than when it was stopped at one- fourth, and yet 
the accumulated pressure is not twice as great, being 
nearly five-thirds. One-fourth of the steam performs 
nearly three-fifths of the work, and an equal quantity 
performs more than twice as much work when thus ad- 
mitted during one-fourth of the motion. 

<< This is curious and important information, and the 
advantage of this method of working a steam-engine in- 
creases in proportion as the steam is sooner stopped; 
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but the increase is not great after the steam is rarefied 
four times. The curve approaches near to the axis, and 
small additions are made to the area. The expense of 
such great cylinders is considerable; and may sometimes 
compensate this advantage.* 

" It is very pleasing to observe so many unlooked-for 
advantages resulting from an improvement made with 
the sole view of lessening the waste of steam by conden- 
sation. While this purpose is gained, we learn how to 
husband the steam which is not thus wasted. The 
engine becomes more manageable, and is more easily 
adapted to every variation in its task, and all its powers 
are more easily computed. 
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" The active mind of its ingenious inventor did not stop 
liere. It had always been matter of regret that one-half 
of the motion was unaccompanied by any work. It was 
a very obvious thing to Mi* Watt, that as the steam ad- 
mitted above the piston pressed it down, so steam 

* All these calculations, however, proceed upon the suppom* 
tion that steam contracts and expands by variations of presmref 
in the same ratios that air would do. 
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admitted below the piston would press it up with the 
same force, provided that a yacuum were made on its 
upper side. This was easily done, by connecting the 
lower end of the cylinder with the boiler and the upper 
end with the condenser." 

Hitherto we have considered the condensing steam- 
engine of Watt in its application to the purpose of work- 
ing the large pumps used to draw water from mines 
or to supply reservoirs from a lower level. This, indeed, 
was the most obvious and immediate application of the 
steam-engine which was at first introduced as a substi- 
tute for the atmospheric pumping engine of Newcomen. 

The steam-engine of revolution of Mr Watt was an 
invention subsequent to the mining steam-engine or 
" water-commanding machine." Previous to the time of 
Watt, indeed, there had been a few attempts made to 
produce a revolving motion by means of steam, such as 
the case where the engines of Savary and Newcomen 
drew up water, which, falling upon the buckets of a 
wheel, produced its revolution. There had also been 
many attempts to apply the atmospheric pumping engine 
directly to this purpose — Jonathan Hall, Kean, FitZ" 
gerald, Mr Oxley, John Stewart, and Matthew Was- 
brough, had all contrived some means of producing a 
revolving motion from the reciprocation of the great 
beam of the pumping-engine ; but Watt's engine alone 
had the power of being rendered an efficient and econo- 
mical motive power. 

We shall take the present opportunity of describing 
Mr Watt's method of communicating the force of the 
steam-engine to any machine of the rotatory kind. 

** VV, fig. 44, represents the rim and arms of a very large: 



128 THE STEAM-ENGINE. 

andheavy metalline fly. On its axis is the concentric-toothed 
wheel U. There is attached to the end of the great beam 
a strong and stifiF rod T, to the lower end of which m 
toothed wheel W is firmly fixed by two bolts, so that it can- 
not turn round. This wheel is of the same size and in the 
same vertical plane with the wheel U ; and an iron link 
or strap (which cannot be seen here, because it is on the 
other side of the two wheels) connects the centres of the 
two wheels, so that the one cannot quit the other. The 
engine being in the position represented in the figore^ 
suppose the fly to be turned once round by any external 
force in the direction of the darts. It is plain, that since 
the toothed wheels cannot quit each other, being' kept 
together by the link, the inner half (that is, the half next 
the cylinder) of the wheel U will work on the outer half 
of the wheel W, so that at the end of the revolution of 
the fly the wheel W must have got to the top of the 
wheel U, and the outer end of the beam must be nused 
to its highest position. The next revolution of the fly 
will bring the wheel W and the beam connected with 
it to their first positions; and thus every two revolu- 
tions of the fly will make a complete period of the beam's 
reciprocating movements. Now, instead of supposing the 
fly to drive the beam, let the beam drive the fly. The 
motions must be perfectly the same, and the ascent or 
descent of the piston will produce one revolution of the fly. 
<< It is proper here to give the history of this inyenticHi. 
I had very early turned my mind to the producing (con- 
tinued motions round an axis, and it will be seen by re- 
ference to my first specification in 1769, that I there 
described a steam- wheel, moved by the force of steam 
acting in a circular channel against a valve on one ude. 
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and against a column of mercury or some other fluid 
metal on tbe other side. This vas executed upon a 



Fig. 44. 




■cale of about six feet diameter at Soho, and worked re- 
peatedly, hut was given up, as several practical objections 
were found to operate against it. Similar objections lay 
against other rotative engines which had been contrived 
bf myself and others, aa well as to the engines pro- 
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ducing rotatory motions by means of ratchet -wheels. 
Having made my reciprocating engines very regular 
in their movements, I considered how to produce ro- 
tative motions from them in the best manner; and 
amongst various schemes which were subjected to trials 
or which passed through my mind, none appeared so 
likely to answer the purpose as the application of the 
crank in the manner of the common turning lathe, (an in- 
vention of great merit, of which the humble inventor, and 
even its era, are unknown.) But, as the rotative motion 
is produced in that machine by the impulse given to the 
crank in the descent of the foot only, and behoves to be 
continued in its ascent by the momentum of the wheel, 
which acts as a fly, and being unwilling to load my engine 
with a fly heavy enough to continue the motion daring 
the ascent of the piston, (and even were a counter- weight 
employed to act during that ascent of a fly heavy 
enough to equalize the motion,) 1 proposed to employ two 
engines acting upon two cranks fixed on the same axis at 
an angle of one hundred and twenty degrees to one an«' 
other, and a weight placed upon the circumference of the 
fly at the same angle to each of the cranks, by which 
means the motion might be rendered nearly equal, and m 
very light fly only would be requisite. This had occnrred 
to me very early ; but my attention being fully employed 
in making and erecting engines for raising water, it re« 
mained in petto until about the year 1778 or 9, when Mr 
TVasbrough erected one of his ratchet-wheel engines at 
Birmingham, the frequent breakages and irregularities of 
which recalled the subject to my mind, and I proceeded 
to make a model of my method, which answered my ex- 
pectations ; but having neglected to take out a patent, the 
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invention was commanicated by a workman employed to 
make tke model to some of the people about Mr 
Wasbrough's engine, and a patent was taken out by tbem 
for the application of the crank to steam-engines. This 
fact the said workman confessed, and the engineer who 
directed the works acknowledged it, but said, nevertheless, 
the same idea had occurred to him prior to his hearing of 
mine, and that he had even made a model of it before 
that time, which migbt be a fact, as the application of a 
single crank was sufficiently obvious. In these circum- 
stances I thought it better to endeavour to accomplish the 
same end by other means, than to enter into litigation, 
and if successful, by demolishing the patent, to lay the 
matter open to every body. Accordingly, in 1781, I in- 
vented and took out a patent for several methods of pro- 
ducing rotative motions from reciprocating ones, amongst 
which was the method of the sun and planet wheels 
described in the text. 

" This contrivance was applied to many engines, and 
possesses the great advantage of giving a double velocity 
to the fly ; but is perhaps more subject to wear, and to be 
broken under great strains, than the crank, which is now 
more commonly used, although it requires a fly-wheel of 
four times the weight, if fixed upon the first axis. My 
application of the double engine to these rotative ma» 
chines rendered unnecessary the counter-weight, and pro- 
duced a more regular motion ; so thaty in most of our 
great manitfactoriesy these engines now supply the place 
of water f wind, and horse mills ; and instead of carrying 
the work to the power, the prime agent is placed wherever 
it is most convenient to the manufacturer" 

<<Letus now trace the operation of this machine through 
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all its steps. Let us suppose tbat the lower part of 
the cylinder BB, fig. 44, is exhausted of all elastic 
fluids ; that the upper steam-valve D and the lower educ- 
tion valve F are open, and that the lower steam- valve E 
and upper eduction-valve N are shut. It is evident that 
the piston must be pressed toward the bottom of the 
cylinder, and must pull down the end of the working- 
beam by means of the toothed rack OO and sector QQ, 
causing the other end of the beam to urge forward the 
machinery with which it is connected. When the piston 
arrives at the bottom of the cylinder, the valves D and F 
are shut by the plug-frame, and E and N are opened. By 
this last passage the steam gets into the eduction^pipe, 
where it meets with the injection water, and is rapidly 
condensed. The steam from the boiler enters at the same 
time by E, and pressing on the lower side of the piston, 
forces it upwards, and by means of the toothed rack OO 
and toothed sector QQ forces up that end of the work- 
ing beam, and causes the other eiid to urge forward the 
machinery with which it is connected ; and in this manner 
the operation of the engine may be continued for ever. 

<< The injection water is continually running into the 
eduction-pipe, because condensation is continually going 
on, and therefore there is a continual atmospheric pressure 
to produce a jet. The air which is disengaged from the 
water, or enters by leaks, is evacuated only during the 
rise of the piston of the air-pump K. 

<< It is evident that this form of the engine, by maintain- 
ing an almost constant and uninterrupted impulsion, 
is much fitter for driving any machinery of continued mo- 
tion than any of the former engines, which were inactive 
during half of their motion. It does not, however, seem 
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to hav6 this superiority when employed to draw water ; 
but it is also fitted for this task. Let the engine be 
loaded with twice as mach as would be proper for it if a 
single stroke engine, and let a fly be connected with it. 
Then it is plain that the power of the engine during the 
rise of the steam-piston will be accumulated in the fly; and 
this, in conjunction with the power of the engine during 
the descent of the steam-piston, will be equal to the 
whole load of water. 

" The engraving here referred to is copied from the 
drawing of the double engine in the above patent of 1782, 
and is that of an experimental engine, no others having 
ever been made exactly similar. I have now added engra- 
vings of one of the Albion mill engines, ^g, 45, 46, being 
one of the earliest double engines erected for sale. I do not 
exactly recollect the date of the invention of the double 
engine, but a drawing of it is still in my possession, which 
was produced in the House of Commons when I was 
soliciting the act of Parliament for the prolongation of my 
patent in 1774-5. Having encountered much difliculty 
in teaching others the construction and use of the single 
engine, and in overcoming prejudices, I proceeded no 
farther in it at that time, nor until, finding myself beset 
with a host of plagiaries and pirates in 1782, I thought 
it proper to insert it, and some other things, in the patent 
above-mentioned. 

** Fig. 45 is a vertical and fig. 46 an horizontal section 
of one of the Albion Mill Engines. 

** The steam-pipe F conveys steam from the boiler n to 
the cross-pipe, or upper steam-nozzle G, and by the per- 
pendicular steam-pipe I, to the lower steam -nozzle K. 
In the nozzle G is a valve, which, when open, admits 
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steam into tlie cylinder above the piston B, (fig. 45^} 
through the horizontal square pipe at its top ; and in tbe 
lower steam nozzle K there is another Talrey which, 
when open, admits steam into the cylinder below the piston. 
In the upper exhaustion-nozzle H is a valve, which, when 
open, admits steam to pass from the cylinder above the 
piston into the exhaustion-pipe J, which conveys it to 
the condensing. vessel M, where it meets the jet of the 
injection from the cock N, and is reduced to water ; and, in 
the lower exhaustion-nozzle L, there is also a yalve, which, 
when open, admits steam to pass out of the cylinder hehw 
the piston, hy the eduction-pipe, into the condenser M* 

<< The piston heing at the top of its stroke, the yalyes 6 
and L are to he opened^ and the fly-wheel m tamed 
by hand about one-eighth of a revolution, or more> in the 
direction in which it is intended to move; the steam 
which is then in the cylinder will pass by L into the 
condenser, when, meeting the jet of water from the in- 
jection-cock, it will be converted into water, and the^ cy- 
linder thus becoming exhausted, the steam, entering' the 
cylinder by the valve G, will press upon the piston and 
cause it to descend, while, by its action upon the working- 
beam through the piston-rod, &c., it polls down the 
cylinder- end of the beam, and raises up the outer-end and 
the connecting rod A, which causes the planet-wheel t to 
tend to revolve round the sun-wheel/ ; but the former of 
these wheels, being fixed upon the connecting-rod so that 
it cannot turn upon its own axis, and its teeth being en- 
gaged in those of the sun-wheel, the latter, and the fly- 
wheel, upon whose axle or shaft it is fixed, are made to 
revolve in the desired direction, and give motion to the 
mi 11- work. 
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" As the piston descends, the plug-tcee Zalso descenjg 
and a clamp, or slider 5, fixed upon tlie side of the plug- 
tree, presses upon the handle 1 of the upper Y-shaft, or 
Fig. 45. 




axis, and thereby shuts the values G and L and the 
same operation, by disengaging' a detent, permits a weight 
suspended to the arm of the lower Y-shafit to turn the 
shaft upon its axis, and thereby to open the valves K and 
H. The moment previous to the opening these valves, 
the piston had reached the lowest part of its stroke, and 
the cylinder above tlie piston was filled with steam ; but 
as soon as H is opened, that steam rushes, by the eduction- 
pipe J, into the condenser, and the cylinder above the 
piston becomes exhausted. The steam from the boiler 




entering by I and K, acts npon tbe lover Bide of the 
piston, and forces it to return to the top of tlie cylinder. 
Wbeo the piston is veiy near the npper termination of 
its stroke, another slider a raises the handle 2, and in 
80 doing disengages the catch, which permits the npper 
Y-Bhaft to revolve npon its own axis and open thfl Tnlrea 
G and L, and the downward stroke recommences aa hai 
been related. 

When tlie piston descends, the buckets R, T of the 
air-piimp P and liot-watcr pnmp T also descend. The 
water vvliiuh is contained in these pumps passes throngh 
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t&e valves of their buckets, and is drawn ujp and dis- 
charged by them through the lander or trough ty by the 
next descending stroke of the piston. Part of this water 
is raised up by the pump V, for the supply of the boiler, 
and the rest runs to waste. 

The reader who wishes further details concerning the 
steam-engine of Mr Watt, will find them in the descrip- 
tive portion of this treatise. 

The history of the steam-engine ends with the history 
of Mr Watt's labours. There are, it is true, many parts 
of the steam-engine that have been altered, simplified, or 
adapted to peculiar uses and circumstances since his 
time ; but these are matters of minor importance, with- 
out which the engine would not have been materially cur- 
tailed of its present efficiency. It is a remarkable fact that 
the steam-engine has scarcely received any very valuable 
improvement since his time. He, in fact, rendered it a ma- 
chine nearly perfect. The testimony of Mr Farey upon 
this subject is explicit, and must be conclusive on the sub- 
ject with every one who has the means of ascertaining the 
very high estimation to which the knowledge and prac- 
tical skill of that excellent writer on the steam-engine 
most justly entitle him. << It is a circumstance," says Mr 
Farey, (^Steam-Engine^ p. 473,) " highly creditable to 
Mr Watt's character, both as an original inventor and as 
a practical engineer, that his first double-revolving engine, 
which he made in 17S7 at the Albion Mills, performed 
quite as well as any engine which has since been con- 
structed to employ steam on the same principles. Some 
important improvements have been made in the construc- 
tion of modern engines by substituting cast-iron and 
stone-work in the place of wood, and by putting the 

M 
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parts together in more substantial modes ; but all those 
essential forms and proportions which afifect the perfbr* 
mance of the machine, were so ascertained by the first 
inventor, that no improvement has been since made 
in them, and every departure from those forms and pro- 
portions has impaired the performance in a greater or less 
degree." 

Thus have we taken a rapid survey of the history of 
the steam-engine. We have omitted the names of many 
individuals who have distinguished themselves by inge- 
nuity directed to this subject. We have omitted the 
labours of Gebert, Alberti, Cardan, De Cans, Bmncay Mor* 
land, Papin, Amonton, Leupold, Meyer, Bosfrand, Gres- 
sanne, and a hundred others who have, all in different de- 
grees, expended ingenuity upon the application of steam to 
the production of mechanical power ; and these we hare 
omitted, not because we consider their labours either 
undeserving of notice or uninteresting to the general 
reader, but because they have not contributed towards 
the production of the modern steam-engine, and becanae 
an account of their works would rather serve to illnstrate 
the possible varieties of the machine and the fertility of 
the human mind in mechanical devices, than either to 
conduct the reader along the stream of historical sae« 
cession, or render him better acquainted with the natnre 
and mechanical peculiarities of the steam-engine itsel& 

Part II. — Description op the Modern Steam* 

Engine. 

Of modern steam-engines there are two distinct species 
— the high-pressure and low-pressure engines. The for- 
mer is simple, light, and of few parts, generally used for 
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lecomotiTe engines, steam-carriages, steam-vessels of a 
light and rapid construction, and such other purposes as 
require portability or cheapness. The latter is more com- 
plex, but more effective ; more expensive in original con- 
struction, but more durable and more economical in con- 
sumption of fuel. The first is more commonly in use in 
America, the latter in this country. The high-pressure 
engine is sometimes also called the non-condensing steam- 
engine, to distinguish it from the low-pressure engine, 
which is also called the condensing steam-engine; but 
there is sometimes a combination effected of some of the 
parts and principles of both these species, in what is 
called a high-pressure condensing engine, by which, for 
certain purposes, the peculiar merits of both species are 
combined in the same machine. 

Of these two sorts of steam-engine, it is remarkable 
that the more elementary and simple — that which is the 
more easily conceived and understood — was not invented 
and brought into practical use until long after the other 
kind had been very extensively used and made known by 
its inventor, James Watt. It appears to us, that we are 
to consider Oliver Evans of Philadelphia as the inventor 
of the modem high-pressure engine. Before 1786 he 
had contrived and made experiments upon a high-pressure 
engine, which seems to have been in all essential respects 
similar to our own. Indeed, it appears that the Ameri- 
cans have taken the form and arrangements of their 
engines from Evans, as implicitly as in this country 
we have adopted those of Watt. The history of Evans 
consists almost entirely of the romance of real life. 
Sanguine and energetic, he continually encountered diffi- 
culties only to overcome them, and to encounter re- 
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newed disaster and disappointment, till lie at leng^ 
died of a broken heart. To him we attribute the ra- 
pid advancement of America, at the commencement of 
the present century, in all that relates to the introduction 
of the steam-engine in its multifarious applications, and 
especially in steam navigation. He had awakened in 
that nation a lively sense of the advantages which they 
were likely to derive from the introduction of the power 
of steam, and placed in their hands an instrument well 
fitted for their use, and which they were not slow to adopt 
and apply. 

The high-pressure or non-condensing engine Gonsists 
of two principal members, generator or hoUer and work* 
ing cylinder^ each with sundry appendages. The low- 
pressure or condensing steam-engine consists of three prin- 
cipal members, generator, cylinder^ and refiigeratar or 
condenser, each with sundry appendages. 

The generator and working cylinder, with their append-* 
ages, are nearly the same in both kinds of steain-eDgm6» 
the presence of a condenser or refrigerator forming tlie 
principal and almost only distinction of the second species* 
By this second species the steam is returned into its first 
state of water, thereby effecting a saving of heat and of 
mechanical power ; whereas, in the first form of enginOy 
the steam, after performing a certain portion of its labonr, 
is discharged into the open air as useless ; a process whioh 
can only be advisable in circumstances where the labonr 
and apparatus for condensing would cost more moneyi 
and cause more inconvenience than would countervail the 
loss of fuel and heat and power. 

As, therefore, the high-pressure non-condensing steam- 
engine is simpler in its action and construction than the 
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low-pressure condensing engine, it is convenient to con- 
sider, in the first instance, its mechanism and management, 
and afterwards, how far it may require to be modified in 
order to acquire the advantage of condensation. 

The High-Pressure Non- Condensing Steam' Engine. 

The elastic force of steam is a phenomenon with which 
we become acquainted very early in life. We see that 
when water boils furiously in a kettle or caldron which is 
closely fitted by a lid or cover, it has a tendency to raise it up 
or drive it off with considerable force ; and that the steam, 
collecting in the upper part of the vessel, rushes with 
considerable velocity out of any crevice or pipe which 
communicates with the open air. 

The force of the steam which is thus issuing from the 
spout of a kettle or crevice in the cover of a caldron is 
comparatively slight; and the steam which thus rises from 
boiling water is called low-pressure steam. But if we 
stop up the spout and close the cover with accuracy, so 
as to confine the steam within the kettle or boiler, the 
water will become hotter and hotter, and the steam 
stronger and stronger, until it will either force up the 
cover with violence, or altogether burst asunder the sides 
of the boiler. In this confined and heated state the 
steam acquires, from its properties, the descriptive 
appellation of high-pressure steam. 

Engineers are in the habit of reckoning the force of 
high-pressure steam by a very simple expedient. They 
place a weight such as W (Fig. 47,) upon a hole on the top 
of the boiler. This hole being square, and an inch in length 
and breadth, and the weight being equal to one pound 
when the steam is 'strong enough just to blow the 
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Fig. 47. 




weight off the hole, they call 
that steam of an eiastic 
force eqtuzl to one pound on 
the square inch* They then 
place a weight of two pounds 
upon this hole of a sqaare 
inch, and continue the heat 
until the steam just blows it 
off, and that is called steam 
of the pressure of two pounds 
on the square inch* And, in 
like manner, when steam is 
confined and heated until it acquire force enough to blow 
weights of three, four, five, fifteen, or fifty pounds off 
an aperture of not more than a square inch in extent, 
that is technically called steam of the ekutic pressure 
of three, four, five, fifteen, and fifty pounds on the 
square inch. It is difficult to say whether there be any 
limit to the elastic force which steam^may acquire from 
continued heat and confinement: it is known to be 
even as powerfully elastic as gunpowder, and pressures 
of one thousand pounds an inch have been prodooed. 

The pressures generally adopted for high-pressure 
engines are from fifteen to one hundred and twenty 
pounds on the inch. Of course, when there is a giren 
pressure on any one inch of the surface of a boiler, there 
will be the same on every other inch of surface ; and if 
the aperture under the weight be any number of times 
greater than one inch, it will just require so much the 
more weight to keep it closed. The standard by which 
the pressure is reckoned and calculated is, howeTer, 
always the square whose side is one inch. 
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Safety-valve^ — By placing a movable weight on an aper- 
ture of given size in this manner, the engineer not only 
ascertains the amount of the elastic force of the steam 
tending to burst the boiler, but also constructs a valve 
by which to avert the clanger of an explosion of the boiler, 
Dr Desaguliers relates a circumstance which happened 
very early in the history of the steam-engine, when, 
for want of proper precautions of this nature, " the 
steam burst the boiler with a great explosion, and killed 
the poor man who stood near, with the pieces that flew 
asunder, there being otherwise no danger, by reason 
of the safety-valve being made to lift np and open 
npon occasion." Now, a given weight of lead or iron 
laid on a hole in the top of a boiler so as to close it, is a 
sufficient and common form of safety-valve ; for when- 
ever the pressure of the steam becomes sufficient to raise 
the weight, it escapes through the opening into the air 
without doing any mischief. A large weight of lead, 
simply placed on the opening, is a very common and 
simple mode of providing for the safety of the apparatus. 

But this plan becomes inconvenient when the pressure 
is high and the weight great, because it then becomes so 
high as to be unsteady ; and, in order to iremedy the in- 
convenience, what is called a valve is used, separate 
from, and in addition to, the weight, Fig. 48. 

as shown in the accompanying dia- 170%. 
gram, ^g. 48. A valve-seat a 5, f{^^\ 
formed of cast brass, is fixed in the 
aperture, and is accurately fitted 
by the valve itself c c?, the edges 
of which, at c and c?, are carefully turned and tapered, 
so as to fit the neck of a by and ground in its place'-^ * ? 
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with emery powder, which makes it perfectly steam-tight. 
A spindle protrudes downwards from the valve through 
a guide >vhich keeps it in a straight line, and pre- 
vents it from falling on one side of the valve after hav- 
ing been raised. This same spindle, rising upwards, 
carries upon a cross-bar a series of large cylindrical 
weights which may be increased or diminished in number 
as the case may require. 

It is a practical fault of this valve that the tall erect 
spindle may easily become bent or injured by accident, 
and also that the weight upon it may too easily be 
handled, so as wantonly to be increased ; hence, a safety 
valve, with an internal weight, has been contrived in the 
following shape. A conical valve is placed in its 
scat in every respect as 
formerly, only the spindle rig. 4y. 

does not rise up but^/T^^^ 
hangs down among the ^ 
steam, terminating in a 
chain and weight. 

In all of these modifi- 
cations the weight on the safety-valve becomes large and 
cumbrous when the pressure is high ; and a contriTanoe 
was devised very early in the history of steam to ob- 
viate the inconvenience of this plan, under the name of 
the lever safety-valve. Instead of placing a great series 
of weights on the valve itself, a single weight is hung oa 
the end of the longer arm of a lever so as to prodace an 
effect proportional to its distance, and this lever being 
graduated, shows the amount of the effect which is thos pro- 
duced. In the figure, the valve, valve-rod, and spindle 
are all arranged as formerly : but a lever, g k, rests 
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on the top of a small Fig. 50. 

hemispherical button on 
the valve; and the one end 
g being a fulcrum, the 
weight W is suspended by a ring from any point of the 
lever. When, at the point 4, as in the fig^e, its effect 
on the valve is four times as great as if directly upon it. 
The effect of the lever's own weight will, in this case, be 
also equivalent to a certain number of pounds on the 
valve, which, being properly estimated, the lever safety- 
valve may be used to indicate with accuracy the pressure 
of the steam. 

Another form of valve has been proposed, as indicating 
still more correctly the point at which the pressure of the 
steam is equal to the pressure on the valve. It is a 
cylinder or flat valve, acted on by a lever and weight ; 
and there are weights on opposite sides of the lever, 
which has also equal arms. These weights rest on light 
rollers so as to run down from their places and release the 
steam entirely, whenever its pressure reaches the pre- 
scribed limit. This is Fig. 31. 

..--3 

the valve of the French 
Academy and Frank- ^ 







lin Institute. ^iltSf:^^""^ 

Another form of ^ 
valve, also cylindri- 
cal, was used by Mr Southern for his delicate expe- 
riments on high-pressure steam. The cylinder of the 
valve-seat used in the former figures is prolonged up- 
wards, so as to form a vertical cylinder or tube, in 
which a plug of metal is exactly fitted. This plug 
is ground with great care, so as to move freely but steam- 
tight in the cylinder ; and a rod from the cylinder passes 

N 
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Fig. 54. 



up through a hole in the top, and is kept down by 
a lever and weight. A hole in the cylinder allows the 
dteam to escape 
whenever the ^'S- ^2. Fig. 53. 

pressure on the 
valve upwards 
exceeds the pres- 
sure of the lever 
and weights in 
the opposite di- 
rection. The indications of this in- 
strument are found to he very pre- 
cise. 

Another species of safety-valve 
has of late years come into use, 
called the spring-valve. It is of 
two kinds, with a lever and with- 
out it. The form without the lever is 
represented in the first of these dia- 
grams, fig. 54. A se- 
ries of hent springs, sp 
sp sp spy &c., are placed 
alternately in opposite 
directions, in the square 
frame g h k I, and are 
forced down upon the 
valve at n hy means of 
a cross -har k h acting 
at m — a small screw at /j 
in adjusting the pressure —J J 
by compressing or re- 
leasing the spring. 

The other form of spring safety-valve interposes ft 




Fig. 55. 
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lever between the aafety>valve and the spring. S T| fig. 
£5, is what is commonly called a Salter's spring balance, 
thebox^^containingaspiral spring, which is compressed 
in the box when the end S is drawn away from, or raised 
above the point S. The finger-screw S adjusts the degree 
of tension on the end of the lever. The two last species 
of safety-valve are used in locomotive steam-engines. 
Fig. 56. Fig. 67. 




A totally different method of indicating the pressure 
of steam in a boiler, is by means of what is called a mer- 
curial gauge, communicating with the boiler. Mercory 
is poured into a bent tube, one end of which springs from 
the boiler, and the other end is exposed to the air, so that 
the steam by its pressure raises the mercury in the 
strught limb of the tnbe to a height above the level pro- 
portioned to that pressure. In the figure, a c d e \» 
the bent tube, communicating with the boiler at a, and 
open at the end e, the steam presses on the end c 
of the mercury, and ruses the other extremity of the 
fluid to the height C. From calculating the weight of 
mercury, it is reckoned that, for every pound of pres- 
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sure of tlie steam in tbe boiler, there is an inch of 
mercury raised in the tube ; so that, if the space d C he 
nine inches, a pressure of nine lbs. on the square inch 
in the boiler is indicated. Sometimes also a small 
float of iron is placed on the mercury, which, carrying a 
slender rod with an index, points the elevation of the 
mercury on a scale above the gauge. It is evident that 
this instrument also acts as a safety-valve, inasmuch as the 
steam, wben too strong, must force the mercury entirely 
over the top of the tube, and make its escape. A double 
pipe, on a larger scale, with water in it instead of mercury, 
would answer the same purpose equally well ; only the 
water would rise one foot and an inch for every pound 
of pressure of steam in tbe leg of the double tube, and 
twice that quantity if the tube were smgle ; which would 
give a scale of 16^ feet in a double tube, or 33 feet in a 
single tube, as the column of water raised abore the 
level by a pressure of 15 lbs. on the square inch. 

It is convenient to reckon the pressure of steam in 
larger numbers than pounds, and the quantity that has been 
fixed is a weight of 15 lbs., or a stone weighty per square 
inch ; and to this weight the name of an atmosphere of 
pressure has been given, simply because the common 
atmosphere of air presses on all bodies with a weight 
of 15 lbs. on the square inch. Thus steam haying* a 
pressure of 15 lbs. on the square inch, is called high- 
pressure steam of the elastic force or strength of one at-^ 
mosphere. Higli -pressure steam having a pressure of 
80 lbs., is said to have an elastic force of two atmo* 
spheres, 45 lbs. of three atmospheres, &c. Sometimes, how- 
ever, a nomenclature rather different is adopted, and the 
common steam of boiling water, which exerts no further 
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pressure than merely to balance the atmosphere, is called 
steam of one atmosphere ; and in this case the elastic 
steam which has been called one atmosphere would be 
considered as two atmospheres. This nomenclature will 
be rendered evident by the consideration of the following 
table : — 

High- Pressure Steam of 
lbs. on the square inch is called atmos. or 1 atmos. 

15 1 2 

30 2 3 

45 3 4 

60 4 5 

75 i5 6 

90 6 7 

105 7 8 

&c. &c. &c. 

Owing to this degree of ambiguity in these technical 
measures of pressure, it is always necessary to observe, and 
to specify, whether the pressure spoken of is pressure total 
or excess above the atmosphere of air. If, for example, 
four atmospheres be specified, it must be considered whether 
four atmospheres above the pressure of the atmosphere 
be meant, as in the first column of the table, or four 
atmospheres including the atmospheric air pressure, in 
which case the number in the second column is meant ; 
for, in the former case, high-pressure steam of 60 lbs. on 
the square inch is meant, and in the latter high- pressure 
steam of only 45 lbs. above the atmosphere. 

Such are some of the various methods by which the 
elastic force of high-pressure steam in a boiler may be 
estimated and shown. We have next to consider the 
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manner in which that force may be applied to tbe luefal 
purpose of forming a high-pressure steam-engine. 

We have already seen how the force of steam, confined 
in a close boiler and heated until it acquires great elastic 
force or high pressure, acts upon every point of the sur- 
face in which it is enclosed, tending to press it asander ; 
and how, by sufficiently confining and heating it, weights 
of five, fifteen, or fifty pounds, resting on only a single 
square inch of surface, may be supported and upraised. 
To apply this force to the raising of great weights, is the 
object of the high-pressure steam-engine ; and it has been 
calculated that 6 lbs. of coal, applied in beating 6 gallons of 
water into steam, has sufficient force to perform the most 
arduous labour of a man, for a whole day. 

One of the simplest and earliest applications of the 
force of high-pressure steam to raising weights, is g^yen 
by Jacob Leupold, in his T7ieatrumMachinarum£fydrauii' 
carunif Leipzig, 1725. This we have copied from his work 
PI ^g in the accompanying figures. We have 
already seen that the boiler C, fig. 58, 
being placed on a fire, the elastic force of 
the steam will raise a weight resting on an 
aperture. Now, if we conduct the steam 
in a pipe into any other vessely such as 
the cylindrical tube F, in which there is 
a piston or movable plug D, on the top 
of which rests the weight E, by a metal- 
lic rod E D, connected with tbe piston, 
and passing freely through a bole in the 
top of the cylinder, it is manifest that 
when the steam becomes strong enough 
to overcome the pressure of tbe weight. 
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it will raise up the piston to any required height. If the 
weight be 15 lbs., and the size of the surface of the piston 
. one square inch, and if the pressure of the steam be 
equal to any thing more than one atmosphere of elastic 
force, it will overcome the weight and raise it. If the 
surface of the piston were double the size, or two square 
inches in extent, then each inch would be acted on by a 
force of 15 lbs., and the same elastic force acting on two 
inches would raise double the weight, or 30 lbs., and so 
on for any mimber of square inches ; so that, if the piston 
were a circle of four inches in diameter, which would havo 
a surface of about 12 square inches, on each and all of 
which a pressure of 15 lbs. was sustained, there might 
be a total weight of 12 times 15 lbs., or 180 lbs., sus- 
tained and raised to the top of the cylinder. The boiler 
being removed from the fire and allowed to cool down 
again, the piston might again descend, and this operation 
be repeated as often as necessary. 

But a more convenient form of the apparatus is that 
which Leupold gives in the next figure, — in which it is un- 



Fig. 59. 



necessary to remove 
the fire. The boiler 
G H, fig. 59, having 
a constant fire placed 
under it, the commu- 
nication with the cy-[ 
linder ABC takes 
place through a pas- 
sage jcapable of regu- 
lation by a stopcock S, which is shown at S'as shut by turn- 
ing the handle. This stopcock is similar to that com- 
monly used for regulating the flow of liquors in vessels 
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of any kind ; a smal] conical plug S' stops np the pussge 
entirely, but being perforated in one direction, sllows l&e 
communication to take place whenever that perforation 
is turned ronnd into snch a position as to form a continii- 
ation of the channeL By this means it ia provided that 
this stopcock shall remain in the position, S' being closed, 
until the Bteam has collected in the boiler a sufficient 
elastic force, after Tvhich it is allowed to pom up into the 
cylinder, by turning the stopcock into the posttion 8 
when the steam entering the cylinder pushes up the 
piston and the piston-rod by which the great weight 
£ is raised as before. The piston wilt thes be allowed 
to descend to the bottom, by allowing the cylinder gnr- 
daally to cool, when the weight may again be raised aa 
at first ; and so on for any number of operations. 

Fig. 60. Fig. 61. 
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But the most perfect of Leupold*s machines is that 
represented in the figures, 60, 61. It is a true water* 
pumping high-pressure steam-engine ; a machine which 
might be efficiently used without any alteration at the 
present day, only the modern machines are calculated to 
do the work with a smaller expenditure of fuel. Two 
pumps for raising water are directly worked by steam, 
by connecting the handles of the pumps with the pistons 
of two high-pressure cylinders, in such a manner, that 
when the pistons are raised by the steam the water is 
forced up in the pump-pipe. T and V are the barrels of 
two pumps placed in a reservoir, from which water is 
raised through the joint-pipe K ; G and H are the bandies 
or levers by which the pumps are worked. The pistons 
of the steam -cylinders C and D are attached to the ends 
of the levers. In figure 60, at A C the steam is shown 
in the act of entering into the cylinder C, and pushing up 
the end of the lever G, so as to force the water ; and 
in figure 61 the steam is shown entering into the cylin- 
der D, to work it. This change is eflPected by turning 
round the disc A F into the position R S, which 
reverses the passages, as will appear on examination. 
It is to be noticed, that while the steam is entering the 
cylinder C throu^ A C, the steam from the cylinder 
D is escaping through E F into the open air ; and that 
in the second sketch of the valves, the steam is passing 
into the cylinder D through A E, and passing out of the 
cylinder C through C F. The action of this four-way 
stopcock is very simple and beautiful, and deserves to be 
carefully studied. By continually turning it round in 
one direction, communications are simultaneously effected 
between the boiler and each of the cylinders alternately, 
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and between each cylinder and the open ur. We ihall 
afterwards revert to tliis mechanism. 

The modern steam-enf^ne of high pressure is in msn^ 
respects analogous to the machine of Leopold. It will 
he readily understood hy the study of the few following 
illustrations. The engine is called douhle-acUng, becanie 




the steam not only enters the cylinder below thfl piston 
to raise it, but also above the piston forcibly to depress 
it. Tlio boiler B is placed on tho lefl of the figure ; the 
pump, for raising water from the reservoir R to the re- 
servoir R', is on the right of the figure ; and the cylinder 
is placed in the middle. From the boiler a itearm-pipe 8 
S S' S' proceeds to the upper and lower parti of the 
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cylinder C j and from the right-hand side of the cylinder 
two short eduction-pipes E' and E' carry off the ateam 
into the open air, afler it has performed its duty. The 
piston P is accurately fitted into the cylinder, so as to 
be air anil steam tight, and the piaton-rod p is made to 
carry with it the end of the lever L F L, and work the 
pump W W. Perhaps the only difficulty that ts felt in 
understanding the mechanism of the double-acting steam- 
engine, lies in the construction and operation of the valves. 
S' S° E' E^ are four plugs, each capable of exactly fill- 
ing op the passage in which it is placed, like S" E', or 
of being withdrawn from it, like S' E'. Therefore it 
b evident that in figure 62, the steam has free ac- 
cess through the upper port S', into the cylinder above 
the piston, so as to press it down. In fig. 63, the case 
is shown reversed: the valre S' is shut down, allowing 
steam to enter only by S°, the lower valve, so as to enter 
at the bottom of the cylinder and force the piston up. 
The arrangement of the eduction- 
valves E' and E' is also to be ob- 
served. In fig. 62, where S' is 
open and S^ is shut, E* is also open, 
and E' is shut ; so that, while steam 
enters freely by S' on the upper side 
of the piston, pressing it down, there 
is a free passage for escape of steam 
from the nuder side of the piston, ;^ 
by the bottom passage, throngh E' f 
to the open air ; and when the whole ^ 
is reversed, as in fig. G3, the steam-valve S^ at the bottom 
being opened for ingress of steam below the piston, E^ 
gives free egress to what was formerly admitted above. 



Fig. 63. 
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SO that it may now pass along tbe passage E^ into the 
open air. Thus^ then, by opening and shutting alternately 
each of the two pairs of valves, first the under steam-valve 
and upper eduction-valve, and then the upper steam-valve 
and under eduction- valve, so as first to allow steam to 
eifter above and escape below, and then to get in below 
and out above, the one pair being always shut when the 
others are open, the whole effect is accomplished. 

It is an object of great importance to the precision of 
a machine^s operation, that it should be automatic ; that is 
to say, that it should not require for its successfal action 
the continual attention and unvarying assistance of an 
attendant. In the machine which we have just described, 
the valves are opened and shut by the attendant. With 
the following simple mechanism the valves are opened 
and shut by the machine itself: — 



Fig. 64. 



Fig. 65. 





The two valves S^ and S^ are connected together by 
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Straight rod, and the two eduction- valves E^ E* by another 
straight rod ; these valve-rods are made to rest on opposite 
ends of a lever / /, which turns on a centre O. By this 
simple arrangement it is brought about that the pair of 
valves S^ S^ being depressed, as in fig. 64, the other pair 
E^ E^ are raised; but when, as in fig. 65, S^ S^ are raised, 
E^ and E^ are depressed, whileatthe intermediate position 
both are situated similarly to each other. In the next 
place it is to be noticed, that the rod E^ E^ is prolonged 
to T upwards, and that it carries two projections fixed 
to it at M and T. These projections are struck by the 
lever L L as it rises and falls. When, in ^g, 64, the 
lever is making its downward stroke, it comes on the 
plug M; and pushes it down, first into the middle position, 
and then into the position of fig. 65. The steam 
then entering below, raises up the piston to the top of 
the cylinder, and with it raises also the lever, which strik- 
ing on the upper plug T, carries it upwards, raising the 
eduction -valves E^ E^, and allowing the opposite valves 
S^S^ to descend into the position of fig. 64, as at first. 
This operation being repeated, so that at the end of each 
upward and downward stroke, the descent and ascent of 
the piston and lever prepare the valves for producing the 
inverse effect, and giving the next succeeding stroke, the 
machine becomes independent and automatic. It is rather 
curious that these simple valves, now described, are the 
latest improvements that have been introduced in the 
steam-engine. 

Considerable ingenuity has been expended on the 
valves and passages of the steam-engine, for the purpose 
of forming all these communications by means of a couple 
of passages, instead of four. The following diagrams 
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arc designed to explain the manner in which this has been 
effected, by means of a four-way cock, similar to that 
introduced by Leupold into his high-pressure eng'ine. 
For this purpose the steam-pipe S, the eduction-pipe ES, 
and the pipes of the upper and lower ends of the cylin- 
der, communicating with it above A and below B the 
piston, are all brought to the circumference of a single 
circle, so as to form a St George's cross, as in ^g 66. 
A metallic circular disc O P O B, with two curved 
channels communicating at successive quadrants of a cirdei 
as shown in fig. G7, is inserted in this circle, so as to 
fit it exactly, and to be moved round by a protruding 
handle H. In fig. 68, this valve is represented in niu^ 9l 
communication being formed from S to A, and the other 
from B to E ; and, in ^q, 69, the handle being pushed 
Fig. 66. Fig 67. 





Fig. 68. 



Fig. 69. 




down, a communication is made betwixt S and B, and 
between A and E. The means of effecting this comma- 




STEAM-VALVES— FOCK-W AY COCK. 

nication is given in fig. 70. F'g- 70. 

A vertical rod T T* bein^ 
suspended from the end of. 
tlie great lecer, with two 
plugs T T", by means of 
which the handle H of tlie 
valve is raised, in that po- 
sition the steam enters at S, 
and passes up through the 
superior passage into the 
top of the cylinder, forcing 
the piston down, while the 
steam already below the 
piston finds free egress 
along the inferior passage B, through the valve, and 
escapes by the eduction-pipe E into the open air. 
Just before the piston gets to the bottom of its stroke, the 
ping T strikes the handle H into the position H^. The 
steam before let in above the piston suddenly escapes by 
the port A, through the valve, into the eduction-pipe £!, 
while by the same motion a connexion has been effected 
between S and B, so that the steam now enters below the 
piston, again to raise it up until the plug T^ strikes the 
handle H^ upwards once more into the position H, as at 
first, when the piston once more descends ; and this process 
is repeated to the end. 

We shall next describe a kind of valve which is more 
commonly in use than either of the former, and by which 
the changes in the direction of the steam are stilt more 
simply effected. In this case all the four passages are 
united in a square box called a valve-box, or valve-chest, 
as in fig. 71 ; S E A B being the steam, eduction, 
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Fig. 73. 




upper, and lower passages. Into tbis box is introduced a 
siuuU valve or cover D, Sg. 72, which is of sach a sixe as 
at one time to leave open only one of the three openings 
on the right; so that, by coveringtwo of the openingB, A 
Fig. 74. Fig. 75. 





and E, as tn fig. 73, the steam from S can only find its 
way through B into the lower part of the engine, while 
t)ie steam already in the upper part of the cylinder cm 
find its way, below tlie valve D, into the eduction-pipe 
E, so as to esi:apc into tlie air. The valve is next shown 
in fig. 74 in its middle position, where all the three pas- 
sages are dosed, preparatory to reversing the direction of 
the steam, as in the third position when it slides from 
tlie upper purt A, as is shown in fig. 75, so as to allow 
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the steam to enter above the piston and press it down, 
while the steam formerly below the piston escapes into the 
air through the passage B, under the valve D, by the 
eduction-pipe E. This valve, named from its figure the 
D-valve, is also worked by the machine itself, either by 
some of its moving parts striking plugs on a rod which 
is fixed to the valve, or by some of the other apparatus 
which will afterwards be described. 

Another form of valve is that called the long slide 
or long D-valre, the invention of Mr Murdoch, which 
gives the advantage of shutting off the steam, close to 
its ingress into the cylinder ; and so saving what in the 
common short D-slide is lost in the passages from A and 
B to the ends of the cylinder. It is formed thus. The 
valve- chest extends along the side of the cylinder. It is 
shown in fig. 76, without the valve. In figure 77 the 
long D-slide valve is shown separately. It is a pipe 
extending along the whole length of the cylinder. To- 
wards the ends, this pipe is almost semicircular, its fiat 
side, which forms the diameter of the circle, being a 
narrow flat plate capable of covering the opening or 
port of the cylinder. Fig. 76. Fig. 77. 

This pipe is left c™ 

open, and perfectly ^;7"'-i7^ .^r^ 1^ 
clear from the one 
end to the other, so 
that the steam may 
traverse it freely 
lengthwise. The se- 
micircular ends are 
polished, and ren- 
dered truly cylindri" \ jJT 
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cal, tliat the packing in the valve-cbeflt majr embraee 
them perfectly. The steam-pipe is represented as enter- 
ing the ralve-thest from below at S, &nd the eduction-pipe 
in the niidJIe at at £. In tbig Talve-cbest are placed 
packing -boxes, as they are called, immediately opposite 
to the ports of the cylinder. They contain a qnantity 
of soft elastic hemp, soaked in oleaginous matter, the 
object of wbich is to press against the outside of the 
slide-valve when in its place, and make steam-tight par- 
titions in the valve-chest between the middle and eads 
of the valve, so that no communication of steam can 
take place between the middle and the two ends. 



Fig 79. 




In tlie figures 76 and 79, the valve is shown intitu. 
In figure 70, the steam from S rises np along the 
centre of the slide, and enters the upper port A, while 
the btcain in the under part of the cylinder haa free 
I'grcss through D to the eduction-pipe E. In figure 
7tf, the steam has free access to the lower port B, 
while the steam already above the piston has free egnss 
through the upper port A to the eduction-pipe B. In 
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this species of slide, there is scarcely any losa of steam 
in the passages, as it is cut off cluse to the cylinder. 

Instead of the long D-sllde, which is very heavy on a 
large scale, two short slides, similar to its two ends, and 
connected together by bars, have been used in the fol- 
lowing form. Fig. 80 is a section of the slide, fig. 81, a 
Fig. 80. Fig. 81. Fig. 82. 




face view ; and fig. 82, a section of the cylinder with the 
valves in their place. 
In this case, however, there are two eduction- pi pes E E 



instead of one, as formerly, 
and the steam-pipe enters be- 
tween the valves. 

A cylindrical slide-valve 
of the following form is in 
use in a considerable number of 
engines, and works well inthose 
cases which we have had an op- 
portunity of examining. The 
valve-chest is an upright cylin- 
drical pipe P Q, the inside of 
which is bored truly cylindrical, 



Fig 83. 
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and is exactly fitted by two metallic cylindrical plng^which 
are ground so smooth in their places as to be steam-tiglit* 
It will be apparent from the figure that these two plugs 
being raised and depressed by the valve-rod which con- 
nects them, will effect the same purpose as the former 
valve. 

The conical valve is a species of valve introduced by 
Mr Watt, and improved by his assistant Mr Murdoch, 
from whom the steam-engine of Watt has receiyed 
many valuable appendages, and much of its practical per- 
fection. It has been applied in two forms* Mr Watt*8 
own form, the earlier one, is given in the folio wing 
figures. For a single engine four valves are required. 
One of them is represented separately in figures 84, 85, 
which are vertical sections through the valve, at right 
angles to each other. The valve is shown open in fig. 84, 
and shut in 85. S is 

the entrance of the ^'&- ^^- ^'^S' ^• 

steam, A the port, 
V the conical valve, 
and N the seat or noz- 
zle which it covers. 
On a cursory glance, 
it is evident that 

when the conical cover V of the aperture N is np, as in 
the first diagram, the steam has free entrance ; and when 
it is closed, the steam will merely press the valve down 
into its seat, without obtaining an escape from the nozzle. 
The manner in which this is effected for all the passages, 
is shown in the following perspective diagram, fig. 86. 
add IS the steam- pipe from the boiler; gg the edac- 
tion-pipe; h the upper steam- valve; e the lower steam- 
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valve; h the upper exhausting valve ; i the lower exhaust- 
ing valve ; c the upper port of the cylinder ; f the lower 
port. The seats of the exhausting valves h and i are in- 
verted, so that these valves open when drawn down- 
wards, while the steam-valves open when drawn upwards. 
Each valve has a toothed rack attached to it, which is 
acted on by a toothed sector, fixed on an axis, whose end 
passes through the valve-box, and carries an arm or handle 
by which it is moved as follows : — the arm or handle of 
the upper steam-valve is connected by the rod 10 with an 
arm fixed on the axis ty and the arm on the axis of the 
lower exhausting valve is also connected by the rod 1 1 
with a similar arm fixed on the same axis U The arms 
of the lower steam-valves and upper exhausting valves 
are in the same manner connected with arms on the axis 
Uy by means of the rods 13, 14. These axes t, u, carry 
each a handle tr, us; and on these the plugs or chocks 
1, 2, 3, 12, of the plug-rod / 12, act. When the plug- 
rod is descending, its chock 1 comes in contact with the 
handle ^r of the axis t, and depressing it, turns round the 
axis ty so as to shut the upper steam-valve and the lower 
exhausting valve ; and at the same instant its chock 3 
comes in contact with the handle us o{ the lower axis u, 
and depressing it, opens the lower steam-valve and the 
upper exhausting valve. In the upward motion of the 
plug-tree, the position of the handles are reversed by the 
chocks 12, 2. The axis t carries a short lever 4, to the 
end of which there is a weight hung through the rod 4t 4. 
When the valves connected with the axis t are opened, 
this weight keeps them open ; but is prevented from open- 
ing them too far by the strap attached to the rod, as seen 
in the figure. The lower axis u has a similar apparatus. 
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15, 15, for the same purpose. It remaing to notioe ho ir 
the exhausting ralves are prevented from, being' opened 
by the pressure of the steam. The roAa which connect 
the arms on the axes of the valves with the arms on the 
axes I u, It will be observed, are bent at one extreniity in 
such a manner as that when the valves are shut, the con- 
necting roda and the arms on the axes I and u fall into 
the EBme straig'ht line, as is seen in the cose of the upper 
exhausting valre in the figure. In this condition the amu 
of the axes t and u cannot act as levers in turning theae 
axes round, and the valves are thas effectually locked on- 
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I's CONICAL VALVE. 



til released by the action of the chocks upon the handles r 



Mr Murdoch's conical valv 
figures : fig- 87 a side 
Fig. 87. 



s represented in the next 
jid fig. 88 ft front view. 

Fig. 88. 




add are steam-pipes, and ggg eduction-pipes as 
raerly ; c being the upper port of the cylinder, and f the 
bottom port ; b and e the top and bottom steam- valves, h 
and t the top and bottom eduction-valves. The steam- 
valves b and e are raised or lowered by hollow rods or 
tubes, through which the spindles or rods of the eduction- 
valves A » work freely without interference. A rod 10 joins 
the short levers Id, 30 of the valres b,e, together, and 
another rod 13 joius the levers of the valves IS and 21 
together ; so that by inserting into sockets, formed on the 
ends of the levers 20 21, the bars r a, shown by dotted 
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lines, and by using them as lever handles, the upper 
steam and lower eduction valves are opened simultane- 
ously by the handle r, and by the other lever s the lower 
steam and upper eduction valves are opened also simul- 
taneously and alternately with the former. The rods 10 
and 13 are connected by the rods 11 and 12, with an ap- 
paratus of levers and weights, acting through an axis at 
22, by which the valves are retained in their seats. 

The last valve which we shall describe is the crown- 
valve, or equilibrium- valve, which is in use on the Cornish 
engine, and has also been introduced into rotative engines 
by Mr Fairbaim, and Messrs Caird & Co., and which 
deserves to be better known than it is. Its value con- 
sists in effecting a large opening, and requiring little force 
to work it, while large valves of the common sort are 
heavy, or are so much pressed in one direction by the 
steam as to require great force to work them. The tbIyo 
has been called the crown- valve, from the resemhlanoe of 
its appearance to that of a diadem. Let there be conceived 
a chamber, fig. 89, oat of which an apertore A leads into 
the cylinder, and into which a pipe S brings steam. The 
aperture A is surrounded by an upright ring or collar 
rising a few inches into the chamber, which ring is on all 
sides perforated by slits of considerable sise, but closed 
at the top. The next figure, 90, represents the crown or 
cover of this valve, which is also a ring attached to a 
steel rod or spindle, by which it is raised or depressed. 
All round at top and bottom, the collar in the chamber 
and tlie crown-valve are ground, so as accurately to fit 
each other. The next diagram, fig. 91, represents the 
valve on its seat, and closed on all sides, so that no steam 
can find admittance; and ^g, 92 represents it open or 
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raised up from its seat, with steam entering freely oa 
every side. 



Fig. 89. 



Fig 90, 



Fig. 91. 






Fig. 92. 



These valves are arranged in a manner similar to the 
common conical valves, and work in the same way, foar 
of them being used in a single engine, instead of four 
conical valves as in fig. 86. The following diagrams, figs. 
93, 94, show the valves and valve- gear of a Cornish steam- 
engine, with the gear for working the valves either by the 
hand or with the pump-rod of the steam-engine. It is very 
perfect, and deserves the study of the intelligent en- 
gineer. The valves are equilibrium valves, such as we 
have already described. Although we cannot here 
enter into a detailed description of the mechanism, the 
engineer will at once understand it from the drawing. 

In immediate connexion with the valves and passages 
of a steam-engine, which admit the steam on alternate 
sides of the piston to do its work, and afterwards dis- 
charge it, we may consider the means by which the en- 
gine is rendered automatic, or capable of performing its 
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Fig. 94. 
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labonr, ia the tnmt perfect msmier, withont Aa am- 
tinnal assUlaDce of m nan to open mnd vhnt its Tslrea. 
There are two ways in wliirh ralvea are worked by 
the Bteam-engiae itwtlf. The fint of these is hj the 
Bgen<:y of same put of the engine that happens to move 
Dp and dowo, or perform a reciprocating motittn, and 
the other ii by the agency of aome part of the engine 
which revolTe*. The fulloiring ia a simple method, 
which ve have leen applied to the ihort D-alide, already 
deflcribed. In figure 95, A B P isthecylinder, p the pis- 
ton, auling on the end L, of a great lever L I^, rkiain^ and 
depre««lng it alternately, while the other end Ij*, united 
by a connecting rod L* R to the handle or crank of a 
large wheel, turns it round. The manner in which the 
■team-valves are moved is by the lung vertical bar T T, 
■uspeoded from the lever L L', so as to more ap and 
down with it. This bar T T carries two pntjectii^ 
plugs of wood t <* apon it, which strike alternately np 
Fig. 95. 
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and down tlie handle 1 1^ at the hottom and top of the 
Stroke, and ao product! the reciprocating motion of the 
slide-valve D,andbyadmitting the steam on altemRte aides 
oFthe piston, and diitcliarging it at the opposite pons, pro- 
duce the continuuu!! motion of the engine. In the figure, 
the steam is represented in the act of forcing down the 
piston 1 hut when the piston gets near the hottom, the plog 
s will have come in contact with the valve-rod I P, and 
will have forced it and the sHde-valve D into the oppo- 
site position, and so permitted the Fig.Qe. 
steam, formerly above the piston, 
to pass into the open air, while the 
steam on the other aide presses np 
the piston, ao aa to hring the plug 
»* in contact with the lever, press- 
ing it up, and the valve D down 
into its first position, and so on 
alternately. 

Thia first plan of moving the 
Talves by meaiia of a plug-frame, 
rising and falling with the alter- 
nate strokes of the piston, has 
been principally adopted for 
pumping engines that have no 
revolving motion. We have, how- 
ever, seen it adapted with advan- 
tage even in marine engines. It 
is noisy, as the sudden strokes of 
the prime mover produce an instant 
jerk ; hut it is effective, in so far as 
it at once opens the porta to tlteir 
fullest extent, and so allows full 
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effect to the entering steam, and full clearance to that 
escaping. The form in which we have seen it adopted in 
marine engines is as follows. The piston was kept in itf 
tme position by moving along two guide bars 6 6, on 
which it rested, through a cross bar H H ; O P and O P 
are the cranks of the revolving axis; R R is a rod con- 
necting the piston-rod with the ends of the cranks which 
it turns round. The valve-rod r r is extended upwards at 
far as the piston-rod works, and two plugs r r are ao placed 
by adjusting screws, as to admit of the rod beings raised 
and depressed at the proper moment by a pn»jecting 
part of the cross bar H, at the end of ea<^ upward and 
downward stroke. 

A very beautiful method of working the valves of the 
steam-engine has been recently invented by Mr. Mellingy 
the superintendent of locomotive engines on the Liiver- 
pool and Manchester railway, and applied with perftd 
success. It consists in deriving the motion of the valves 
neither from the rectilineal nor the circular motions of 
the machine, but from the connecting rod, one end of 
which rod moves round in the circle of the crank, while 
the other end performs a rectilineal, or a circalar reci- 
procating motion. Before entering on the consideration 
of this motion, it may be well to attend to the coire 
which a point in the connecting rod describes. 

The curve. Fig. 97, is manifestly a curve resemUing 
the ellipse^ although by no means a correct ellipse* It is 
an oval, one end of which is more oblate, and the other 
more elongated, depending on the length of the eon- 
necting rod, and deviating more and more from a tme 
ellipse, as the connecting rod becomes shorter. In* the 
centre of this oval, Mr. Melling places an axis, having a 
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Fig. 97. 



projecting arm, and in the connecting rod 
there is placed a round projecting pin, 
which carries with it a radius arm from a 
fixed axis in the centre of the oval. This 
axis again carries another arm, or small 
crank, which is turned round with the axis, 
and is attached to the valve-rod, which it 
moves just as in the case of the eccentric* 
This motion has several good qualities. It 
is said to continue longer in perfectly good 
order than the common eccentric motion, 
and it is said to save steam. This last fact 
we are disposed to question. The motion 
exaggerates the properties of the eccentric. 

One of the commonest of the many appli- 
cations of the steam-engine is to pro- 
duce the i:evolving motion of an axle 
and wheel, and in the second system of valve appa- 
ratus, by which the steam-engine is rendered automatic, 
the reciprocating motion of the steam-valves is derived 
from the continuous revolving motion of one of the shafts 
or wheels. Of the various methods in which this has been 
done, the following are some examples. 

On the axis o, (at the bottom of the right side of fig. 98,) 
which is turned round by the rod LR so as to make one 
complete revolution during each alternate ascent and de- 
scent of the piston, and at the centre o, is placed a smaller 
axis, carrying round a cam or projection with it. A square 
frame s^ s^ s^ s^ encloses this cam. As the axis turns round, 
the cam comes into such positions as to bear upon the bars 
«^ «^ and 8^ s successively, and so pushes the frame to- 
wards the right and left alternately. « « v is a small crank. 
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Fig. 98. 




to whiuli the motion of tlie frame it applied lo as to maks 
it move round its centre e, and so raise the point « mad the 
ralve rod v v up and dowa, giving the vaire to wliioh it 
is attached a reuiprucating mutioo. The different poai- 
tiOQg into which the frame ia forced by the cam are 
sketched in figs. 99, 100, 101. 

Aoother form in which this motion has been girei^ is 
by connecting the large axle of the crank with a atnaller 
one by tuoibed wheels. The principal or crank axii^ 
fig. 102, carries round a wheel a b e whose teeUi gin 
motion to the equal wheel d ef. The point B la o«t 
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of the centre, »nd carries a amall axis E, to whicli tbe 
crank is ciinnected by the rod B *, so as to raise 
and depress the valve-rod. It is manifest, that du- 
ring the revolution of thetrheels abc and def, the point 
£ will be carried round a circle, and communicate alternate 
motion to the rod E s, equal in extent to the diameter 
of that circle. Ttiig circle must, therefore, be chosen of a 
diameter equal to the required motion or throw of the 
steam valves attached to the cylinder. 

This motion has been modified into a very excellent 
and durable arrangement in the following form. 
Fig. 103. 




Here the toothed wheels are as in the former figure, 
and the eccentric pin or crnnk-pin is carried round by the 
inner one. On the crank-pin is a square brass nut or 
collar, made to fit exactly a spnce left between two parallel 
bars S' S' and S' S' ihHt are kept in sita by means of nula 
and screw* at their extremities, and c»p»ble nf adjustment. 
8 and 8* are connected with the straijjht bar S' and S^ 
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which works steadily through the colUn S' aad S*, ud 
from its end a connecting link 8^ and 8'' pauea to wvik 
the crank and valre-rud 3 c v. This spparataa we have 
seen work well without repair for a lun^ period. It waa 
executed hy the Mfssrs Carmiuhael of Dundee. Fig*. 
104, 105, 108, show the apparatus in three otlier poaitiona. 
Another mode of prodnung 
, the motion of the ralvea is by a 
'. projection in the unrest axis ot 
engine itself. A rigid circa- 
/ lar hoop 8 endosei the axla m 
I figs. 107, 106. 109. lia It 
is evident that if the projeatim 
-. E be just equal to the ndini of 
\ the hoop, the axle will rerolre 
jvithout producing motion in the 
/ hoop ; hut, if on the contrary, tbe 
axle and its projection be e^oal 
to the diameter of tile hoop, at 
1 the fig». 107, 108. 109, 110 
. is apparent that the pmjeotion 
r cam, in pataing ronnd, moat 
pu^h the hoop in alternate direo* 
tiona. 
Fig. 107. Fig. lOB. Fig.109. Fig. 110. 






Bnt that mndificntinn of this principle, which is in bj 
far the most general nge, is in the form called « tbt 
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eccentric." The eccentric is a circular disc, or ring of 
metal, placed npoa the sbitft or axig, turned by the crank- 
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O, fig. Ill, is the centre of the shaft or axis, to which rero- 
lation is given by the crank R of the steam-engine. On this 
axis the circular disc E E E is placed, but eccentric to it, 
80 that its centre d moves round the axis. The distance 
of the centre d of tlie disc from the centre O of the 
axis, is called the eccentricity, and it is equal to half the 
throw or range of the motitm of the valves to be moved 
by the eccentric. The rod, fig. 1 12, is called the eccentric 
rod, and is attached to a hoop or circle that exactly tits 
the eccentric disc. The various positions which the ec- 
centric will take during the revolution of the eng^e, is 
shown in the succeeding figures. 

We have used the common eccentric in a much simpler 
Fig. 117. Fig. 118. 







THE CRANK. 181 

form than that generally adopted, hy placing it imme- 
diately over the valve which it moves. In engines which 
require compactness and simplicity, this way is useful, and 
is valuable where the axis of rotation is immediately 
over the valves, as in figs. 117. 118. 

In these the valve-rod branches out into four por- 
tions ; a flat brass plate is inserted at their separation, an- 
other at the summit unites them. The eccentric disc works 
between the side forks of the rod, and hears against its top 
and bottom plates, as seen in fig. 117. The other forks of the 
rod are made, in width, equal to the diameter of the axle, 
which thus prevents the rod from deviating from the verti- 
cal position, as seen in fig. 118 ; a handle is added to work 
by hand, and the reversing process is performed as usual* 

The Crank, — One of the most important appendages of 
the steam-engine is the crank, by means of which the 
force of steam, although at first producing motion only 
upwards and downwards in the right line of the axis of 
the cylinder, is nevertheless rendered capable of exerting 
that force equally well in a circular direction. When the 
steam-engine is only employed for some such purpose as 
pumping up water, no crank is necessary, but as some of 
the most usual and valuable applications of the steam-en- 
gine are those where it turns wheels of mills, cotton ma- 
chinery, steam-vessels, or locomotive engines, the crank, 
by which this is accomplished in an admirable and simple 
manner, which has susperseded every other plan of trans- 
mission, is entitled to very minute consideration. 

A crank is an elementary machine which has been used 
from the earliest times for the purpose of converting a 
revolving into a rectilineal motion, or the reverse. It 
is figured in the old machines of the Egyptians, Chinese, 
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Greeks, and Romans, and in water machinery it haa been, 
in common use from the time of Ctesebiua. Vig. 119, 

A crank is merely a handle to a wheel, 
by which it may be tarntd round. Let a 
x be an axis of a wheel b c d, a 'B.P the 
usual bent(orcrooke(i)bandle,bywbichit ^^\\ / 
is turned round by the man, whoie arm '^ -- '^: 
first pushes it from him, and then draws it 
towardii bim, and so continually turns the 
wheel round, then the part a R radiating 
from the centre, is called the crank, the 
a^U a 1! IS called the crank-axle, and the straig'ltt put 
PR is called the crank pin. 

Now imngine, iuBtead of a man's arm, a rigid metalUo 
connecting-rod, and instead of 
the strength of hia body, conceive 
the force of steam to be applied, 
through a cylinder, piston, and 
piston-rod, to the crank by means 
of the connecting rod, and the 
Bteam will produce the revo- 
lutiim of the wheel by means 
of the crank, axle, and pin, as in 
the figure, A the cylinder, p the 

piston-rod, p R the connecting rod, R the crank, and a jr 
the axis. 

On examining, in detail, the actinn of the crank, it 
is to be observed that the force exerted by the ateam 
is neither continuous in direction nor in aodon, IF the 
steam be admitted first below the piston, it foraea it to 
the top of the cylinder ; it is then ont off preparatory to 
ita being admitted above the piston ; and in the interral 
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it has no molive action. When admitted above the pistoiiy 
it forces it to the bottom of the cylinder ; and again there 
is a cessation in its action during the change in the posi- 
tion of the valve. Now it is evident that this recurring 
cessation of action between the alternating impulses, would 
prevent the production of continuous revolution in the 
wheel, but for the power of the wheel itself of continuing 
the motion, by what is termed the momentum of its mass. 
When the steam, during a stroke of the machine, is act- 
ing most powerfully on the piston, part of its power is 
absorbed in giving motion to the wheel ; and when, at 
the end of the stroke, it ceases for a time to act, the wheel 
gives out the power which it had absorbed, and continues 
its motion until the next stroke gives it a fresh accession 
of power. A wheel of this kind, when attached to an 
axle for the purpose of equalizing motion, is termed a fly- 
wlieel; and to obtain the full benefit of its equalizing 
power, it is made of large diameter, that its rim may 
move rapidly, and it is made of great weight, being 
formed either of lead or iron, that it may acquire mo- 
mentum to render the motion as uniform as possible. 

Still, however, it must be remembered, that the equa« 
lization of the motion produced by the fly-wheel is par* 
tial, not perfect. Matter only takes up or gives out force 
when it changes from one velocity to a di£Ferent one. If, 
therefore, the fly-wheel take up into itself the accession of 
force of the steam at one part of the stroke, it does so by 
slightly accelerating its motion; and if it give out force 
during the cessation of the stroke, it is by slightly redu* 
cing its own velocity in so doing. The approximation to 
perfect uniformity in the motion of the steam-engine, 
will be proportioned to the mass of matter in the rim 



184 THE STEAM-ENGINE. 

of the wheel and to the square of the wheeUs velocity. 
Altliough, therefore, the fly-wheel improves the action 
of the crank, so as to make it perfectly adapted to all 
ordinary purposes, still the effect is not so equable a» the 
power of a water-wheel where extreme delicacy is re- 
quired. In all ordinary cases it is sufficiently uniform. 

The following substitute for a fly- wheel was suggested 
and constructed by Mr Buckle of Soho, for Mr Lacy of 
Birmingham, and is an admirable and elegant substitute 
or auxiliary; so as to be, for even the most delicate 
operations, practically perfect. Mr Lucy had constructed 
at Birmingham a flour mill driven by steam ; and it bad 
been his object to obtain perfection without any limitation 
of expense. He had got one of Bolton and Watt*s best 
steam-engines, and yet he found that his mill neither pro- 
duced such pel feet flour nor moved so smoothly as miUs 
driven by water. On the contrary, it was found that tbe 
irregularity of the motion produced a larger quantity of 
coarse than of fine flour, at a mercantile loM to tbe 
owner; and it was likewise found that the irregular pro* 
pulsion a tergo interfering with the uniform motion, to- 
wards which the millstones tended by their own momen- 
tum, produced a clanging reciprocation along tbe wbole 
line of toothed gearing, which was most injnriona, and 
rapidly destructive to the toothed wheels. Wben we 
visited the spot in 1838, the ruins of former wheels, most 
unequally worn and totally destroyed, were strewed about 
the yard. The usual plan of increasing the weig-bt of 
the fly-wheel was resorted to without success ; and Mr 
Lucy applied to Mr Buckle to propose a remedy for the 
evil. This remedy Mr Buckle found in the very simple 
contrivance of a pneumatic pump. In the mint at Soho m 
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pneumatic pnmp had been introduced by Mr Watt, for 
tbe purpose orpruducing a react iun, on the principle of the 
experiments of Ott»Gnerlcke, which we have already de- 
scribed. The force of the steam-engine was made to draw 
up a piston from the botiom of a cylinder, leaving a y«- 
cuum heluw it. Intii tills vacuum the piston was afi^ia 
carried down, after the action of the steam had ceased, by 
the whole force of the atmosphere, amounting to about 15 
lbs. on every inch of its surrace. Thus the atmosphere 
was rendered a reservoir of power, the power being first 
of all taken up by forming the vacuum, and again giren 
Fig. 121. 




out by the atmosphere pressing the piston down into 
the vacuum. 

The following is tbe arrangement by which Mr Buckle 
accomplished the object which he bad in view. P, fig. 121, 
being the usual piston and cylinder of tbe steam-engine, L 
L tbe usual lever, L R the connecting rod, R O the crank, 
and R W" W W a toothed wheel carried round by the 
crank, as usual in tbe steam-engine : there is added 
rtewa smaller wheel of halt' the number of ihe teeth of 
tbe other, so that during a semi-revolution of tbe small 
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wheel, the large one performs a qaarter of a rerolation $ 
I lis & second lever to which there is attached a piston* 
rod L H, carrying a piston from top to bottom of an 
open cylinder H. When the piston is at the bottom of 
the cylinder H, the crank R is near the point 1 in the 
figure. While the crank passes from 1 to 2, it is raising 
the piston in the pump and against the pressure of the 
atmosphere, the steam exerting its greatest force ; but 
when the crank reaches point 2, the little wheel ta to ru 
at the bottom of its circuit, the piston in the pnmp is at 
the top ; and now the pressure of the atmosphere carriee 
the piston down into H, turning the little wheel r ww 
along with it, and propelling the large wheel and orank 
from 2 to 3, through that part of the stroke where there 
is a cessation of the action of the steam: then agun from 
3 to 4 the excess of the power of the steam is employed 
in raising the pump piston; while from 4 to 1 the pietoa 
of the pump, carried down by atmospheric preaaare^ 
brings round the mechanism once more to the point !• 

So perfect was the action of this mechanum that the 
fly-wheel had been wholly removed, and the engine and 
the whole mill-work were moving in the most smooth 
and effective manner. It was found that the ehange ena» 
bled them to give all the grinding stones a g^reater Telo* 
city than formerly, so that the quantity ground was 
greater, in the proportion of 56 to 52, and the quantity of 
the finest or first flour, from the same wheat was like- 
wise much increased ; so that, both by quantity and qoa* 
lity, the owner of that mill was now able to ** command 
the market." The same motion has subsequently been 
applied to cotton-mills with perfect success ; the quality 
and the quantity of yarn produced being much improTeijL 
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From the circumstance already noticed, that at one 
point the steam possesses no power of giving revolution 
to the crank, it has been imagined that some considerable 
loss of the power of the pjg 122. Fig. 123. 

steam takes place during 
the transmission of its 
moving force through the ^^^^S^-V 
crank. Tiiis is a grave f M v< 
error, and it has produced t (©\ ! { 
other errors, which we V J \ 

I- V y V. 



shall consider in our chap 

ter on rotatory steam-en- Y\VL. 124. 

gines. jj 

Figs. 122 to 125 re- 
present the crank in diffe- 
rent positions. In figs.^ 




Fig. 125. 




122, 125, the connecting 
rod and crank are in the ^v^ 
same straight line, tech- 
nically called the position << on the centre," or pass- 
ing the line of centres, in which the action of the 
crank neither tends to produce motion in the one 
direction nor the other. Again, at M and N, figs. 123, 
124, where the crank is represented as acted upon at 
right angles by the connecting rod, it is plain that 
the whole force transferred through the rod is acting to 
produce the effective motion of the crank ; while in the 
intermediate positions there are two effects produced, one 
acting on the centre of the crank, and another acting to 
give it revolution. For the purpose of examining the 
proportion of these forces to each other, we may use the 
two following diagrams : 
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Fig. 126. 





Fig. 126 represents the circle of the crank, tbe 
rows showing the direction in which the crank-rod would 
require to act, in order that all its force shoold be iui« 
divided, and produce alone the single eflPect of causing 
revolution. Fig. 127 indicates the deviation which the 
actual motion of the crank exhibits from this hypotheti- 
cal condition. The arrow a indicates the direction of 
the action of the connecting rod, which at divisions 
10 and 20 is acting only towards the centre of the 
circle with no effect in producing revolution. At dirt 
sions 5 and 15, the whule effect takes place in pro- 
ducing revolution only. Through the first half of the 
circle the pressure of the rod acts wholly do w n war ds^ 
and through the latter half of the stroke wholly upwards. 
The circumference of the circle being divided into SO 
equal parts, the analysis of the force is given in the figure 
at several of these points. At the second division, a re- 
presents the direction of action of the crank-rod, 6 is 
parallel to the direction of the circumference (or tangent) 
of the circle at that point, while the line c is directed to 
the centre ; a indicating the direction of the whole force 
of the connecting rod, b representing the effect produced 
in the direction of the tangent to turn it round, and c the 
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effect of the force of the connecting-rod acting to produce 
pressure on the centre of the crank ; hut as the centre of 
the crank is fixed and prevented from moving, none of 
the moving power of the crank is given out in producing 
motion towards the centre, hut only in producing motion 
in the circumference. At the fourth divisicm of the cir- 
cumference, it may be observed, that the effect of the 
connecting rod is differently distributed. The whole 
force a is now more nearly in the direction of b, and c is 
comparatively small ; showing that as we approach the 
end of the first quarter's revolution, the force of the con- 
necting rod is producing much less pressure in the centre 
of the crank, and pressing in a higher proportion in the 
direction of the revolving effect, until at last the connect- 
ing rod being at right angles to the crank, its whole 
pressure acting to turn round the crank, none of it is 
directed towards the centre. After passing the quadrant- 
al point 5, the crank-rod still presses downwards, as 
shown by the arrow a at point 7 ; but, of its two effective 
pressures, one represented by b still acts in turning round 
the crank, while another represented by c, instead of act- 
ing towards the centre, as in the upper quadrant, now 
produces a pressure which would draw the crank away 
from the centre ; but as the crank is fixed, none of the 
motive power is employed in producing any motion of 
the crank away from its centre. Similar alternating 
effects are produced through the other quadrants ; so 
that, while the pressure of the steam, acting through the 
connecting rod upon the extremity of the crank, is divid- 
ed into two effects, one of these is prevented from 
expending the moving force of the engine by the fixed- 
ness of the crank centre, and the whole motive power 
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is given out only at the circumference of tbe crank 
circle in turning it round, but in a proportion of pressure 
that is continually varying from to a maximum, and 
from a maximum to 0, through every successive quadrant 
of the circle. The amount of the variation is shown in the 
following table: — 

Points in the figure. Pressure in direction of revolution. 

and at 20 0.00 

1 19 80.90 

2 18 58.78 

3 17 80.90 

4 16 95.11 

5 15 100.00 

6 14 95.11 

7 13 80.90 

8 12 58.78 

9 11 30.90 

10 10 0.00 



Mean pressure 63.11 

The mean pressure on the crank being in the table aboat 
63 pounds, taken on an average of the whole circumfer** 
ence of the circle, the pressure varies from 36 pounds 
above the mean, to 63 pounds below it. The total pres- 
sure of the steam in the cylinder, forces the connecting 
rod up and down through a space equal, each time, to the 
diameter of the circle, while the connecting rod carries 
the crank through a space which is equal to the whole 
circumference ; and as the circumference of a circle bears 
to twice its diameter an approximate ratio of 100 to 63, 
it follows, that the pressures on the crank and piston are 
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inversely as the spaces through which they move : the mo- 
tive power of steam in the cylinder being* 100 lbs. moved 
through a space of 63, and the motive power given out 
in the crank, being a mean of about 63 lbs. moved through 
the circumference of a circle which is represented by 
100, so that the motive power is in the one case 100 
lbs. X 63 zz 6300 lbs., and in the other case 63 lbs. X 100 
= 6300 lbs. 

The crank is merely one beautiful exemplification of 
the great dynamical principle, which includes in it the 
law of operation of all the elements of machinery, " that 
in uniform motions the quantities of motive power, or 
vis vivttj may be transferred from one point to another, 
through every variety of direction, velocity, and intensity, 
by material mechanism, without being thereby altered in 
quantity, except in so far as friction and imperfect rigidity 
may diminish its amount by a certain percentage, which 
diminution it is the aim of all perfect construction and 
design, in the practical application of machinery, to re- 
duce to the smallest possible amount." To render uniform 
the effective pressure given out by the crank, is the 
object of the fly-wheel, and of the pneumatic pump of Mr 
Buckle. For the same purpose many other expedients 
have been devised; and the following explanation is intend- 
ed to facilitate the comprehension of the nature and value 
of these expedients. 

The variation of pressure on the crank of a steam- 
engine, may be conveniently represented by curved. 
Let the circumference of the circle described by the 
crank be represented by the straight line A X, fig. 128, 
and divided into any number of equal parts ; let straight 
lines ^^ ^^ ^^ &c., be drawn to represent the amount of 
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pressure converted into the direction of the motion of 
the crank, accurding to tlie line b in fig. 1S7, being the 
amounts represented in the line of figarea, then the 
carved line A ^ y y x passing through the aammit of all 
these lines will represent the Tariation in the poirer uf Ae 
crank at eai^li instant of time, each ordinate^' y* y* being 
the pressure, and tlie area of the whole 6guro will repre- 
sent the wlmle mutive power, having a mBxitnnm of y* 
and ^'=, and a point of vhange of direction from preMOre 
one wfiy to pressure the opposite wayatjf'**. 

Novr one metliud of equalizing the rotative preBiure en 
the crank liiis been proposed, and is very generally 
adopted, viz. to make two steam-engines act on the same 
axis by means of two cranks at right angles to each other, 
so that when the one censes to exert force, the other 
may he at its point of greatest force. 

1-29. 130. 131. 132. 
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Thus in the figures 129 to 132 two cranks are repre- 
sented as coming from two cylinders, and attached to 
the same axis, so that when the one of them is at 0, the 
other is at 5, when the first is at 5 the second is at 10, 
and so on ; so that while either is on the line of cessa- 
tion of force, the other is at the point of maximum. 

The joint effect of two such cranks may be represented 
by curves in the following way: — 

isa 




Let the circumference of each crank circle be represent- 
ed by the lines A X and AX as formerly, each semi- 
circumference being divided into eight parts, and let the 
pressure be calculated from a table of sines, where each 
will be found as the sine of the arch of the uircumference 
to which it corresponds ; the numbers thus obtained being 
arranged on the right of the figures, so as to obtain by 
the two curves the representation of the varying qnan- 
tity of force, but without regarding the reversion of 
direction. If now we place these curves together, as 
in fig. 135 their whole ordinates taken across from tfao 
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one curve to the other, will truly represent the amannt 
of the sum of the forces and its variation ; and if we 
place all these or dl nates from a fourth axis, we shall have 
truly represented, hy the new curve (fig. 136) the varia- 
tions of the sum of the forces of the two cranks. The 
figures in the third column represent the sums of the or- 
dinates, in which it is shown that the maximum is 41 per 
cent greater than the minimum pressure, even when two 
cylinders are made to act on cranks at right angles to 
each other. 

The whole of this calculation is summed up in the fol- 
lowing formula: 

Let r be the radius of each crank, 
a? the efi^ective leverage of one, 

.•. \/r"^ — ^^ is the effective leverage of the other, 

and X + i^r^ — x^ the sum of the pressures : 
from which we obtain, by differentiating 

X zr, */ r^ — x^ in the case of a maximum, 

and when x zz 0, the sum a; -f- -v^ r^ — x^ becomes ^ r 



or when -v/ » '^ — •*''^ z= 0, jr -f- »/ r'^ — x^ becomes ^ r 
and when x-=. ts/ r"^ — x^yX -f- -v/ *'^ — ^^ becomes =r2 r 

rr L.411. 
Hence the point of greatest pressure is at 45° from the 
minimum and the minimum sums at the termination of 
each quadrant, the maximum being to the minimum as 
the square root of 2 to unity. 

It is obvious then, in conclusion, that with two en^nes 

the variation above the mean, amounts to about 126 

141 = 15 in 126, or about eleven per cent, and that the 
decrease below the mean amounts to twenty per cent. 
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Figs. 137. 138. 



It is a matter of some difficulty to decide at what angle 
the cranks should be placed in a double engine, so as to 
give the best effect. If we place them at a greater angle 
than 90® apart, the minima become small, and the max- 
ima, however, are by no means sudden. If we place 
them at a less angle, the maxima become excessive ; and 
although the minima be larger, the maxima are also 
larger. The following diagrams, 137, 138, show the eflfecfc 
of these two methods. 

When a lever intervenes 
between the crank- rod and the 
piston-rod, new irregularities 
are introduced. The varia- 
tion in the direction of the 
connecting link, and in the po- 
sition of the lever- ends from a 
straight line, introduces modi- 
fications of these effects of a 
serious nature, but not of a 
large amount. It is worthy 
the attention of practical men 
to consider these variations, 
and the manner in which they affect the uniformity of the 
pressure. They affect it by way of increase at the be- 
ginning and end of the stroke. By proper arrangements 
these very obliquities may be rendered very con- 
siderable improvements in the working of the engine* 
It should also be observed that the stroke of the piston 
and crank will not remain of the same length. 

The agency of the crank in transmitting a force par- 
allel to the piston-rod has been represented by the curve 
of sines, as in fig. 139. But if we represent in a similar 
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way the pregsures Figs. 139. 140. 
produced by the ob- 
liquity of the crank- 
rod, we shall find 
the form become 
that given in the 
following figures. 
Fig. 140 repre- 
sents the variation 
of pressure with ^ 
crank-rod of four 
^imcs the length 
of the crank, fig. 
141 with a crank-rod of double the length of the cruik, 
and fig. 142 with a crank-rod equal to the length of 
the crank. 

It is obvious, that with the shortening of the cnmk- 
rod, the irregularity of the motion becomes rery great. 
Two maxima rapidly succeed each other, and these are 
wide apart from the next pair. Thus two Solent pressnrei 
succeed at a short interval, and a long pause int^rrenes, 
when the force is very small. 

By the same system of curves we may proceed to ez* 
amine the pneumatic equalizer of Mr Backle. Li9it the 
rotative pressure of the crank be again represented, as fbr- 
merly, by the curve in fig. 143. And let the rotatlTe 
pressure of the pneumatic crank of the eqnsliser be re- 
presented by the curve in fig. 144, lying on alternate 
sides of the axis, so as to show the alternate ooineidenQe 
with, or opposition to, the action of the steam- crank* 
Then if we place the two axes as in fig. 145, the lines 
betweeen the two curves will represent the snms of the 
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Figs. 143. 144. 145. 
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pressures ; and if we set off these intercepted parts in a 
third curve, we shall get the line representing the varia- 
tion of the resulting force, corresponding to the sums and 
differences of the former ordinates. The values of these 
are given in columns of figures on the right through one 
quadrant. The mean value 63 is in this case exceeded 
hy 19 percent, and is receded from helow by nearly 20 
per cent. The deviation from the mean pressure is not, 
therefore, greater than 20 per cent, and the equalization 
produced by Mr Buckle's pneumatic equalizer is as effi- 
cient as a pair of engines, and much less complicated and 
expensive. 

Still, however, it is to be noticed, that as there is a 
variation of force amounting to about 20 per cent above 
or below the mean, with a pair of engines as well as 
with the pneumatic reservoir of power, it is obvious that 
the combination of a fly-wheel with either of these sys- 
tems of arrangement, would be required to obtain th« 
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nearest possible approximation to oniformitj in c 
delicacy. 




Instead of using two cranks for the parpoae of apply- 
ing the force of tvro steam-engines to the Bsme axia of 
revolution, two engines have been used with their cylin- 
ders laid at right angles to each other, and having th«r 
connecting rods applied to the same crank. For aa en- 
gine of tliis kind, fig. 147, Mr. Brunei obtained a pRtent ; 
and we have seen his machine working in a aatufactory 
manner. An arrangement of a eimilar dewription hu 
also been introduced in steam-boats by M. Care of Paris. 



Of the Connecting Rod and Parallel Motionw-~-1.ix con- 
sidering the agency of the crank in modifying the force 
and rclouity of steam, so as to connect its direction and 
distribute its force in the manner required to produce a 
rotative motion in the machinery, from the original reci- 
procating motion of the piston in the cylinder, we have 
hitherto avoided the introduction of another important 
element, by which a further variation of force and of nio> 
tion is produced. The connecting rod is a rigid bar of 
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metal which coDveys the motion of the piston from the pis- 
ton-rod to the crank either immediately or through the in- 
terposition of the lever or beam ; and as the connecting rod, 
in doing so, takes various directions different from those 
either of the piston-rod or of the crank, there is an obli- 
quity of pressure produced at both extremities of the con- 
necting rod, which gives rise to a variation of force and of 
direction, which must be practically provided for, and 
carefully appreciated in quantity, in so far as it may 
affect the ultimate operation of the machine. 

There are two ways in which the motion of the pis- 
ton-rod is most commonly transferred to the crank; 
either immediately through the connecting rod, as in fig. 



Fig. 148. 



Fig. 149. 





148, or through the medium of the great lever, as in 
^g. 149 ; both ends of the great lever describing circles 
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around its middle fulcrum as a centre, and the head of 
the piston-rod heing connected with the one end of 
the lever by means of an iron strap or connecting link. 
From inspection of the figure, it becomes plain that the 
connecting rod or link, is never, except at two points, in 
the same straight line with the piston-rod, so as to pro- 
pagate its unmodified force to the crank, but that in 
these oblique positions it would produce a lateral motion 
in the end of the piston-rod which would not only be a 
waste of power in producing motion in a place where it 
is useless, but would bave the efi^ect of continually bend- 
ing the piston-rod in opposite sides so as either to break 
it, or materially to impair its working. In the first of 
these figures, Vp being the direction of the piston-rod, jti R 
that of the crank, the force in the piston-rod in the di- 
rection p a becomes resolved into two parts p R and p e, 
p R being efi\;ctive in the direction of the crank-rod, and 
p c tending only to give lateral motion to the piston-rody 
or else to bend it, or break it across. And so also 
in the second figure there is a similar separation of 
pressure. 

To prevent these lateral pressures from wasting the 
power of the steam, by producing lateral, useless, or in- 
jurious motions, is the object of a series of contrivancea 
called parallel motions, or parallel guides. The most 
notable of these we owe to Mr "Watt. 

Let it be supposed that we desire to prevent the top of 
the piston-rod /?, fig. 150, from being moved by the obliquity 
of the connecting rod p R, either towards the right or the 
left, then it is accomplished in the following way. A 
fixed support, s, is found on one side of the piston-rod ; 
and another on the other, s% at equal distances from i^ 




PABAIiLEL MOTIONS — WATT's. 201 

and two parallel bars g s and g^ s^ 
are placed between the piston- rod 
and these points, so that it may be 
steadied between them. These pa- 
rallel bars are made so as to revolve 
freely round the points s s^ as cen- 
tres, each of the ends g g^ describ- 
ing the circles g g^^ g^ g^, from 
which it is evident that if these rods 
were directly attached to the pis. 
ton-rod at g and g^, they should 
have the e£Pect of keeping the point 
p in the straight line o g g^ p. As these bars s g 
and sg^ must describe circles round s and s^f they 
would, in the positions s g^ s^ ^', deviate altogether 
from the straight line of the piston-rod; but as the 
one will act nearly as much in the one direction as 
the other in the opposite, it occurred to Mr Watt that, 
by connecting their extremities with a link, g g^, and at- 
taching the piston-rod, not to the ends of the guide-bars^ 
but to the middle of this link, the point p might be pre- 
vented from deviating to any appreciable extent from 
the straight line. This is accordingly produced in a very 
simple way. The following figures, 151, 152, 153, show 
the effect of these links in various positions. 

This elegant and simple contrivance is not, however, 
absolutely perfect ; and, in accurate workmanship, and on 
a larger scale, great allowance requires to be made for 
its errors, or it will produce very many serious derange- 
ments of the machinery to which it is applied. Ety this ar- 
rangement the point p is not kept perfectly in a straight 
line, but is, on the contrary, compelled to deviate from \i 
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Fig. 151. Fig. 132. 



Fig. 153. 




so as to describe a looped carve. The nature of this de- 
viation will become very evident if we suppose the paral- 
lel motion to be altogether detached from the piston-rod, 
and the motion of the parallel bar and link carried to its 
extreme, as in the following figures, 154, 155. A pencil 
being used to trace the motion of the middle pointy p 'mil 
describe, not a straight line, but the curve px y. When 
we carry the rods up to the position represented in the 
first of the following figures, where the bar g s comes 
into the straight line with the link g g^ the point p de- 
viates from the straight line by a quantity equal to p\ 
and this is reversed in the opposite extreme. In the 
next figure the deviation is much greater when the link 
g g comes into the same line with the other bar g «, and 
is also reversed in the position at the bottom of the 
figure. By the time the links have been returned to 
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their primitive position, they have described the curve 
Fig. 154. Fig. 155. 

1 




It is important to dimimsh the amount of this deviation, 
which increases more rapidly than the square of the length 
of the stroke. Having ascertained the amount of greatest 
deviation at the end of the stroke, and also the amount at 
Jth part of the stroke from the middle, bring the cen- 
tres s and s each nearer to the other by a quantity equal 
to the deviation at the said 8th part, and the amount of 
the greatest deviation will now be reduced to less than 
one quarter of its former amount : the curve will now 
become a line of the sixth (eighth ?) order. 

The parallel motion of one point having thus been se- 
cured, it is easy to transfer it to any other point. This 
is most commonly done by a jointed parallelogram. Thus, " 
to transfer it to a point in connexion with s g prolonged 
to t^ (%s. 156 to 158) take a second link tq^ equal to gg^ 
and a second bar, called the parallel bar g q^ equcil to g t, 
the corner q of the parallelogram will give a motion t q, 
similar to p. Figs. 159, 160, show the parallel motion 
transferred to a point still farther from the original 
point. 
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Fig. 156. 



Fig. 137. 



Fig. 158. 







Fig. 159. 



Fig. 160. 



i 




Another form of Mr Watt's invention consists in pla- 
cing two bars in the same direction, with snch a difference 
in their length, that the excess of the continuance of the 
one above the other may afford the means of compensa- 
tion. Suppose that the point p^ fig. 161, is to be guided 
to move in the straight line p 9 gf \ s sf are points on the 
same side of the required direction of motion, and s g 
s^ g' are the differential bars connected by a link gf g^ 



ig. 161. 



Fig. 162. 
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which is prolonged to p. The dotted lines of the figure 
show the bars in different positions. The line described 
by the point p is not a straight line, but a curve, like figs. 
154, 155. Tlie motion of the point p may be transferred 
to a distance, as in the former instance, by a jointed pa- 
rallelogram gptq^ fig. 162. All these parallel motions 
may be inverted, and indeed generally are inverted in 
steam-boat engines. For practical examples of them, 
the reader may consult the plates. 

All these motions are imperfect ; that is to say, the 
motion of the end of the piston-rod does not take place 
in a perfectly straight line, but possesses high curvature. 
Various plans have, from time to time, been adopted 
for the purpose of remedying the evil. In American 
steam-engines Watt's parallel motion has been to a great 
extent abandoned, because in them long strokes and long 
cranks are preferred ; and in such cases the deviations 
of the point py that is to say, of the piston-rod, from 
a straight line, become excessive. Watt and his assist- 
ants and followers were perfectly aware of this, and 
hence were led to construct beams, and connecting rods, 
and parallel motions, of very great lengthy so as to dimi- 
nish the evil as far as possible. This has, of course, the 
effect of rendering the whole engine both bulky and expen- 
sive, and is, therefore, in many cases inexpedient. 

The American engineers, therefore, use the sliding pa- 
rallel motion ; that is, they have substituted for the radius 
bars of the parallel motion of Mr Watt, a sliding bar or 
groove in which the top of the piston-rod is guided. 

The head of the piston-rod p, figs. 163, 164, is enclosed 
between two flat surfaces, or between two parallel iron 
bars, which are kept in the vertical position by means of 
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stiff- framing; on these it slides, or to 
diminish the friction a wheel may be 
added ; but there are reasons whj this 
wlieel does not in practice ifork very 
well, aod the plun slide is therefor^ 
preferred. In fig. 163 we hare repre' 
eented this motion as applied to wi 
engine of the simplest form, and in fig- 
1 64 to a beam engine^ 

Another species of parallel motion 
was, we think, firat adopted in Ameiiea; 
but it has also been used in this conn. 
try. It is the engine mill ▼Ihrating 

Fig. 164. 




The pillar, wliitli snppurta the beam or lerer, ii 
of being fixed in an upright position, has a joint at the 
bottom, as will be seen in fig. 165, on which it and tbe 
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beam and the crank-rod perform a joggling motion back- 
wards and forwards _. __„ 

Jbig. loo. 
dm*ing each stroke. 

The motion is of the 
olio wing nature.— 
The point s, ^g. 166, 
is fixed ; so is *'; sg 
and s' g' are movable 
bars ; p ffh^ ofp ^* 
The point /7 describes 
a circle round s^ and 
g^ round ^ : hence p 
describes the curve p s p^, oi the sixth order. The 
oscillation of the mo- Fig. 166. 

ving mass of the en- 
gine in alternate direc- 
tions, with a sudden ». 
jolt at the end of the 
stroke, renders this a 
bad engine when made 
on a large scale; and 
it is obvious that the 
deviation of the piston- 
rod from the straight ^ 
line is very great. 

A very elegant paraUel motion was invented by the Rev. 
Mr Cartwright, and applied by him to the steam-engine so 
early as 1797. Two equal toothed wheels N N, ^g, 167, 
work into each other, and from corresponding" points of 
their circumference two connecting links unite at the ex- 
tremity of a cross bar, to the middle of which the piston- 
rod is joined. These wheels and connecting rods being 
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Fig. 167. 




aliroys in similar positions on opposite sides of the piston- 
rod, the obliquity of their actions balances each other, and 
the rod describes a straight line. But it is difficult to make 
and to maintain the wheels of this machine in the state of 
accuracy and perfection necessary to its working Trell. 
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The cycloidal parallel motion is one of high geome- 
Irical beaaty. It was invented by Measra Fenton, 
Murray, and Wood, and applied to the steam-engine in 
practice in 1802. It depends on this principle that an ency- 
cloidal curve, described by one circle rolling within another. 
Fig. 168. 




approaches a straight line as the inner circle becomes 
more nearly equal in diameter to the radius of the 
outer one. For the purpose of applying this principle, a 
Iarg;e wheel q q, fig. 168, with teeth on its inner circuni' 
ference, is fixed on a frame concentric with the axis and 
circle of the crank O O, N O is a wheel with external 
teeth, which is fixed freely on the crank-pin, and p is the 
point of attachment of the piston-rod p I. By this arrange- 
ment the small wheel N O is compelled, by the pressure 
of the piston-rod upwards, to roll round the great circle, 
ascending on the one side, and descending on the other, 
BO that the distance of the end of the piston-rod from the 
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point of contact of the circles is always eqnal to the dw-> 
tance of the circle from the diameter ; (or, it +~r. sin* e := 
4i ^ r. 2 sin. e.) and thus the straight line is always 
preserved. We have seen this motion working' reiy 
well. 

But the principle which furnishes the most perfect parallel 
motion, is one which, although it he well known, we hare 
never seen applied to practice. It is well known that 
the locus of the extremity of a straight line, the middle 
of which moves in a circle, the other end heing confined 
to one straight line, is also another straight line at right 

Fig. 169. angles to the former. 

Let a straiglit bar 
xjf,fig. 169, be placed 
with one end jr con- 
fined in an hoiiaoiital 
grooveaf, and leta pin 
in the middle g be al- 
lowed to slide in a 
drcnlar grooTe y g-jt, 
then the end jr will 
always describe a 
straight line s x per- 
pendicular to tliefiist. 
Or it may be tbns 
modified. If the are 
of a semicircle bave 
one of its extremities 
placed in a giren 
straight line, wbile it 
moves along a g^ven 




Fig. 170. 
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fixed point, the other extre- 
mity of the arc will describe 
another straight line at right , 
angles to the former. Let i^- 
a semicircular round bar y bo 
6 X, fig. 170, be allowed to^ 
slide through a fixed centre 
at «, the one end y sliding in 
a groove, or along a bar ay,!^ 
then the point a; will describe"" 
the perpendicular j«*, aper-g' 
feet straight line. 

To put this in practice in 
a form which shall not de- 
viate widely from received « 
forms of construction, is not"", 
difficult. The semicircular^ 
groove, and the semicircular 
bar, are not good construc- 
tive expedients. But if we 
take a radius bar t g, figs. 
171, 172, 173, fixed at a cen- 
tre 3, so that its end g de- 
scribes a circle freely round 
it ; and if we take a rigid bar 
p y, of double the length of 
t g, and united to it at g, 
then the middle ot p y being 
thus constrained to move in 
the circle round a, we have 
only to permit y to slide 
freely iu an horizontal groove, 




2 1:2 



THE STEAM-ENGim:. 



and the poiiit/^ being carried op and down, will describe the 
straight line p s p. Fig. IT-t shows the application of thit 
motion to the simple engine, and fig. 175 to the beam 
engine. 

Fig 175. 




Mr Oldham of the Bank of £ngland has shown as an ap- 
plication of this principle, of which he has made a model 
he adds a refinement which diminishes the friction at y, 
while it introduces an infinitesimal error of the second 
degree. To the end f/ he has attached Watt*s parallel mo- 
tion, as represented in ^g, 177; s g g 8 being the radios 
bars, and g y g the connecting link on a small scale, 
the point y is by this parallel motion guided in the hori- 
zontal direction. Instead of this refinement, which only 
[)roduces infinitesimal error, we propose, if it were re- 



Fig. 176. 



Fig. 177. 




quired, to preserve the principle without error, and to 
introduce only infinitesimal friction. This we accomplish 
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by placing a secondary geometrical motion like the pri- 
mary one upon the point y, fig. 176, so that its motion 
may take place in a perfectly straight line. The effect 
of the friction will thus become an infinitesimal of the 
third order. These last refinements are, however, of a 
higher order than the degree of practical precision in the 
steam engine usually requires. 

Such is the mechanism which the obliquity of the 
direction between the connecting rod, or link, renders 
necessary to prevent any of the motion, propagated through 
them, from being expended in producing oblique trans- 
verse motion in the top of the piston-rod. Still, however, 
the motion of the piston-rod is modified by transference 
in an oblique direction, and we have now to consider the 
nature of that modification. Suppose the crank O R to be 




Fig. 179. 



Fig. 180. 








? 



V 





J 



in the position in the diagram ^g, 178, where the connect- 
ing rod /? R is at right angles to it i then the connecting 
rod JO R makes with the piston-rod Vp an angle Op R or L 
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The force F therefore, acting along the piston-rod Vp^hamg 
represented by the length of p Xy and or y and p y b^B|f 

dravm parallel to R and K p x,we see that the line x jr 

pi 
or j9 R = represents the force in the piston-rod along 

COS* 9 

the crank-rod, tending to make it rerolve, while 

p y = R or = Rp sin. $ = F» — '— represents the amount 

of pressure sustained by the parallel moUon. 

Thus we have a true representation of what takea place 
when the connecting rod, instead of being in a line with 
the piston, or parallel to it, is at right angles to the crank ; 
and in this case the whole force communicated in this 
oblique position to the crank- rod, acts immediately and 
entirely in turning round the crank. Bat at other point% 
such as are given in the two succeeding fignrei^ the 
motion is again modified by the obliquity of the direo- 
tion of the connecting rod pK to the crank OR. If 
O R be prolonged to S, and from p a peKpendicoiiar 
dropped upon it, and the parallelog^ram R f ^ r oqiih 
pleted, we shall hare the diagonal force j» R lesdlTed into 
R 0- and R p ; whereof R f alone tends to tnm round the 
crank, R a- producing only pressure towaida the centre. 
In this case the angle /> R r is equal to the two interior 
angles of the triangle p R Oy that is to « -|" ^9 ^^ wank 
of the angles of the connecting rod and crank with tike 
line of the piston. Hence the whole force in the ooa^ 
necting rod becomes resolved into p R» cos. (m -}. #^ and 
the whole force of the steam on the piston-rod 

on the extremity of the crank F. — V 

sin. I 

Tlie Piston, — The next elementary part of the 
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engine, upon which much of the efficiency of its operation 
depends, is the piston. Pistons were at first very rude im« 
piemen ts for steam to work with. A large hlock of wood 
cut round to fit the inside of the cylinder, and driven very 
tight so as pretty nearly to fill up the cylinder, was con- 
sidered a sufficient obstacle to resist the passage of the 
steam, until it had performed its duty, either of driving 
the piston from the bottom to the top, or from the top 
to the bottom of the cylinder. It next became usual to 
cover this piston with leather ; but the heat of the steam 
soon dried up the leather, and deprived it of the re- 
quisite pliability. The next step was to make the 
piston of metal, like the piston of Otto Gnericke's at- 
mospheric engine, and then to make a groove around 
this piston, which was filled with bands of plaited hemp, 
now technically called a gaskin, so put together as to 
be spongy and elastic, and to interpose this elastic sub- 
stance between the piston and cylinder, so that the 
hemp, yielding to the inequalities of the cylinder, should 
fill them up without permitting the steam to escape. 
This has been successfully used for a long period, and, 
where the cylinder is in good condition, used with ad- 
vantage : and it is still very extensively employed. In- 
stead of using a solid piston with a groove for the hempen 
packings it was found better in practice to contruct the 
piston as shown in fig. 181. The lower part of the 
piston is formed of a plate attached to the piston-rod ; 
the under-edge of this plate is of a diameter a little less 
than that of the cylinder, and it gradually curves inwards, 
so as to form the lower portion of a groove for the pack- 
ing. The upper part of the piston consists of a plate with 
a similarly curved rim, completing the groove. This 
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Fig. ISl, 





Fig. 182. 





upper plate is called the pistoD-coTer, and is atteched to 
the lo«rer plate or body of the piston by screwa. In the 
groove are carried round bands of soft plaited bemp or 
gaskin, which fill op the cavity ; and as the gaakin wowig, 
the upper plate is screwed closer to the lower one, and 
forces the packing against the sides of the cjiinder. 
The piston is represented in situ in figore 183. 

The only fault of this hempen packing, is ita lialnlitj 
to wear out, and become rigid and nnelastie. Apian waa 
next adopted of protecting this hemp, and still naang ita 
elasticity. Around the piston, in front of the pacldn^ and 
enveloping it, two brass hoops, fig. 185, with alita in 
them, were placed, to protect it from contact with the 
cylinder. These slits allowed the hoops to enlarge and 
contract their diameter, in correspondence with the ine- 
qualities of the cylinder ; while by the dasticitjr of the 
hemp, they were kept continually pressed out ia contact 
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with the surface. This simple metallic packing is re- 
presented as applied to the piston in figure 184. 

Fig. 184. Fig. 185. 





A still more independent metallic packing is prod need 
in the following manner, so as to dispense altogether with 
the elastic action of the hemp. Large metallic helts of 
considerable thickness are cast, so as to form solid 
rings, about a hundredth part greater in diameter than 
the inside of the cylinder they are to fit, and turned on 
a lathe truly cylindrical to that diameter. A small portion 
is then cut out of the circumference of each ring, so as 
to make them open hoops like those represented in the 
last figure ; and the two open ends are then forcibly 
brought together, until their diameter is just such as to 
admit them into the cylinder, their ends being now in 
contact so as to form complete rings, and they are again 
placed in the lathe and turned truly cylindrical. By thii 
arrangement it is brought about, that the elasticity of 
the rings continually urges them outwards, towards their 
original diameter, and so dispensing with the elasticity of 
the hemp, forms a packing wholly metallic. This is 
employed on a large scale by some of the very best en- 
gineers in this country, and is greatly to be recommended 
for its simplicity. Of course the break in the ring would 
allow steam to pass; but this is avoided either by interpos- 
ing a metallic tongue at the break, or by using a number 
of rings, so that the break in one of them may be op- 
posite to the sound portion of the other. 
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Another form of pUton mky be called the wedge 
melalliu piatuo. The rings are cot into e namber of 
parts, and are pressed upon the cylinder by wedges, 
which again are kept in their places by springs ; end so 
it is supposed that a more perfect adaptation is gained 
of the parts of the ring to the cylinder. This is certunly 
tlie case ; but the ring is much more complex than in 
the ottier form ; — 

Fig. 186. Fig. 187. 




ig. 186, wedges are shovn to be inserted behind 
the riogs, with springs behind them, forcing them out- 
wards ; and in the figure 187, a single elasUc hoop is snb- 
stiluted for all those springs. Springs withont wedges 
are al^o in very common use for metallic piatona irith 
divided rings, double siets of rings being osed, and the 
springs pressing directly on the segments of the metaJlie 
rings, as in fiys. 188, 169. 
Fig. 18S. 
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A stuffing-box is an apparatus used in immediate con- 
nexion with the piston. A simple aperture in the cylinder-* 
cover to permit the passage of the piston-rod, as in fig. 
190, could not be made steam-tight: so that to prevent 
the escape of steam, a stuffing-box has to be made use of. 
This consists of a box cast round the hole of the cylin- 
der-cover, fig. 191, in which is laid, around the piston-rod 
and in contact with it, a large quantity of hempen packing. 
This packing is lubricated with oleaginous matter, and 
the ring, Gg, 192, is then placed on the top of this mat- 
Fig. 190. 

Fig. 191. 




Fig. 192. 



ter, and pressed hard down upon it by screws, so as 
to squeeze the stuffing into every crevice. Stuffing-boxes 
of this description are employed wherever it is neces- 
sary to pass a rod out of a vessel, or into it, with- 
out permitting the escape of the steam. Thus there is 
one at the entrance of each valve-rod into the steam- 
chest of the cylinder valves, and also, wherever a rod 
passes into the interior of a boiler. 

The governor is an appendage to a steam-engine, of 
much value in all its applications to the production of 
uniform revolving motion. It is merely a modification 
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of an apparatus similar to the pendulimiy and by whidi 
*HuygheD8 once attempted to make a time -keeper in- 
stead of the common penduluiri. If we suppose the axis 
A X, fig. 103, to revolve on its centre, and the ball B 

hong by a thread from 
Fig. 193. Fig. 194. ,,twopiec«iofiron,x 

C and X C, being bent 
so as to form cheeks, 
of a form called the 
cydoidal cnire ; then 
when the string B jt 
comes in contact with 
the cheek% it will 
perform each semi-re- 
Tolation in the same 
time in which it performs two oscillations as a common pen- 
dulum ; that is, if it be 39.1 inches from the centre of B 
to Xy tlie pendulum will reTolre once in two seconds. IF, 
however, the ball B be suspended from x by a str»ght bar, 
such as B .r in the next figure, the line B jr in deriating 
from A X will describe the circular arch A B, instead of a 
cycloid as formerly, and the time of oscillation will vary as 
the ball recedes from A, the rerolations being more rapid 
at h than at B. If in the position B, the line jr C be 39,14 
inches, then will the revolution be performed in two 
seconds, or at the rate of 30 revolations per minute; 
while at b they will be performed in less time, and between 
B and A more slowly ; and in general to find the height 
C X for any required number of revolations, it is only 
necessary to find by the rules for calculating the ratea of 
the pendulums of time-keepers, what length of pendnlnm 
will give double that number of beats per minnte, and 
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that is the desired height for C or. The rule for this pur- 
pose is easy. Divide the numher 35226 by the sqaare 
of the number of revolutions per minute, and the result 
is the height C x. Thus to find the length of A a: for 
30 revolutions per minute:— 

30 squared = 30 x 30 = 900)35226( 

required height = 39.14 inches. 

The required regulation Is effected in the foUomng 
manner : — 

Fig. 195. 




=»M 



The balls B B, ^g, 195, are suspended by rigid bars 
from the centre a?, and are prolonged to k k. These bars 
are joined by links, k y and ^ ^, to a moveable socket ^, 
which can slide up and down the axis. The straight lever 
^ J9 is acted on at one end by ^^ and at the other it draws 
or pushes down or up the handle of a circular disc v^ so as 
either to close it or open it to different degrees ; this disc 
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is in the steam-engine placed in connexion with the 
pipe that supplies the cylinder, so that if the engine 
should at any instant moTO round too slowly, from IimT- 
ing too much work to do, the balls will collapse, nuse up 
y, and open v to the fullest extent, as at 4, in the small 
sectional figure to the right ; 3 being the mean position; 
while, on the other hand, should the engine, from iti work 
being taken off, go round too quickly, the balls woald fly 
off from the axis, bring down y, and close the valve to 2 ; 
or if it had happened, as by an accident, that the load 
was suddenly withdrawn, close the vtlye altogether, at at 
1 in the side figure. 

But the action of this goTemor is not alwaya niffi- 
1 iently delleate, its power of adjustment being lome- 
what slow. An improTement has been made npon it hy 
Messrs Cheetham and Bailey, of Staley Bridge, in Ijan- 
cashire, which renders its action much more rapid. On 
the centre of the throttle-valre, as the disc v in the ttean- 
pipe is called, there is placed an iron tube, like a gon 
barrel, partially filled with mercury. When thia tube 
is held perfectly horizontal, an equal quantity of mer- 
cury lies in both ends; but, on the contrary, when the 
slightest inclination is given to either end, the mercury 
instantly preponderates to that lower end, and suddenly 
changes its inclination in either direction. In pracdoe we 
have seen this work well. 

Of Condensing Apparatus, — The parts of the con- 
densing steam-engine which we have hitherto examined, 
are in all respects identical with those of the high-pres- 
sure steam-engine. The characteristic difference con- 
sists in the manner in which the steam is disposed of 
after having produced its effect, and in the apparatus 
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quired for the piirpose. In the high-pressure steam- 
engine, the steam is discharged from the cylinder simply 
by allowing the entering steam to press the piston upon 
the outgoing steam, and force it through the eduction- 
pipe into the open air. Now, it requires considerable 
force to eflFect this ; we know that the atmosphere must 
be pushed away before the steam with a force equal at 
least to 15 lbs. on each square inch of the surface of the 
pipe ; and therefore tliis amount of the force of the 
steam, which is a balance for the air, that is, an atmo- 
sphere of steam, is consumed or thrown away in this em- 
ployment. In the condensing steam-engine this atmo- 
sphere is saved. The steam is annihilated almost instan- 
taneously. A vacuum is formed on one side of the piston 
by this annihilation, and the steam is allowed to employ 
that part of its force, which formerly was spent in the 
useless labour of forcing the steam into the air, in forcing 
the piston through the performance of useful labour. 

If, therefore, we take a high-pressure engine, such as we 
have already described, and if we desire to form it into a 
condensing steam-engine, we must add to it a large reser- 
voir of cold water, named the cold well, such as is described 
in one of Watt's steam-engines, in the historical part of 
this treatise ; and in this reservoir we must place a close 
vessel having an aperture or small pipe in it, from which 
a jet of water shall play and spread over the interior, so 
as to form a condenser, into which shall be conducted the 
eduction-pipe, by which th^ steam is led out of the cylin- 
der. The quantity of cold water thrown into this vessel 
to cool it, will require to be six or eight times as much as 
is boiled off in the shape of steam. Attached to the 
condenser is a blow-through valve, opening outwardly 



224 THE STEAM-EKGUTE. 

which allows the whole condenser, before' atutiii|^ tke 
engine, to be filled with steam, so as to blow out afc the 
yalve all the air that may have preTioQsly got into iL 
The reader is referred to the historical part of this treetiM 
for those parts in the description of Mr Watt*8 engine^ 
and also to plates, and their descriptions of the puts of 
steam-engines at the end of the Yolmne. 

It must already have occurred to the attentive reader, 
that such a condenser as has now been described coold 
not act efficiently for any considerable time. On the 
contrary'it would rapidly become filled with water ; lor 
it is plain that the jet of water entering the eondenser 
will fill it up at last with water ; and even were this not 
the case, it is plain that the whole steam which pstnm 
through the engine being turned back into water in the 
condenser, this water would accumulate and fill the 
condenser. This water must therefore by some ei^e- 
dient be removed out of the condenser without admit- 
ting the air. And again, it is well known that all water 
contains a large quantity of air mingled with it^ and 
permanently retained in its pores, but which eaeipes 
from it the moment it is placed in a vacanm. Now, 
this air would of itself accumulate rapidly to such an 
extent as to fill up the vacuum of the condenser, and 
render it inefficient Air must therefore be removed 
out of the condenser, along with the accnmalaticms of 
injection water, and the condensed water of the steam; 
and therefore an air-pump must be provided, capable of 
removing air and water from the condenser. This air- 
pump is placed beside the condenser in the cold well ; 
communicating with it by a foot- valve, which permits the 
air and water to^ go out and prevents their return ; and 



CONDENSING APPAKATCFS. 825 

ilelirering' that air and water wbicb it removes into an- 
other smaller reservoir, named the hot well, from the 
uircumstance that the water withdrawn from the engine 
has been made warm by contact with the hot steam which 
it has condensed, and which it does not generally cool 
to a lower temperature than 80° or S0°, 

These appendages of the condenser, the cold well, the 
injection- pipe, the air-pnmp, the hot well, the blow- 
through valve, the foot-valve, the delivering valve, Sic, 
are represented in the following diagram, in a usual 
arrangement- 
Fig. 196. 




a is the cylinder, b the eduction -pipe, c the condenser, 
h the Wow-through valve, g the injection cock and pipe. 
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k the foot- valve, d the air-pump, e the hot well,/the cold- 
water pump. 

The reader will find other arrangements of these ports 
in the plates and their descriptions. The air-pmnp is 
gt^nerally worked by the great beam of the steam-engine, 
as in the figure, and is abont half the area and half the 
stroke of the cylinder of the engine. 

The cold well requires a continoal supply of water. 
either from a running stream, or to be forced op by a 
pump like that marked cold-water pump in the figure. 

Dry condensation is a subject which has attraded moA 
attention from machinists ; that is to say, it has been con- 
sidered very desirable to condense the steam widioat 
injecting water amongst it. Mr Watt originallj con- 
densed in this manner. He merely placed opriglftt ^pos 
among cold water, and letting the steam into 
allowed it to be condensed by simply coming in 
with the inside of these tubes, which thus formed m 
denser. The introduction of a jet of cold water 
avoided, the introduction of air along with the 
a!so avoided, and thus the air-pump had its 
diminished. But the efficiency of the engine wan IbiiBd 
to be very materially impaired; for the 
annihilation of the steam was nut effected, in this 
of mere surface condensation, in the efficient way in 
it had been by the old system of injection by a/el cT^ 



Ox THE Rotatory Steam- Engine. 

The steam-engine being now most generally nsod ia 
our workshops, our manufactories, our steam-sbipi^ and 
our locomotive engines, for the purpose of iuming 
certain axles or wheels with a continaous whiriing or 
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volving motion, it has appeared to many the simplest, 
the most elementary, and the most appropriate manner 
of applying the moving power, that the steam should 
itself follow the wheel which it turns, round the circum- 
ference of its circle of gyration, and so it is supposed, by 
acting immediately and directly on the wheel to be turned 
round, produce the most powerful efiPect. In this way 
tlie action of the steam would be made to resemble the 
turning of a mill-wheel by the action of the water on the 
buckets of its rim ; and the arrangements by which such 
an elementary mode of action might be brought about, 
form what is called a Rotatory Steam-Engine. 

That simplicity of form and of outline are essential to 
simplicity of action, and excellence of mechanical action, 
is a fallacy ; that simplicity of figure and fewness of parts 
are objects of higher importance in machinery than dura- 
bility, precision, and economy of operation, is a fallacy ; 
that such an elementary machine, if constructed, could 
give forth any more of that power than is now rendered 
efiPective by the common steam-engine in every-day use, is 
a fallacy, arising in ignorance, ending in disappointment. 

We have to state with regret, that very injurious 
consequences have arisen from this popular error. Many 
men of high talent and inventive genius have sacri- 
ficed their talents, their industry, their lives, to this de- 
lusion. The patent-offices of England, Scotland, Ire- 
land, and France and America, the mechanical periodi- 
cals of them all, the transactions of societies for promoting 
the arts, the " machines approuvees par TAcademie," the 
journal of the Franklin Institution, all teem with inven- 
tions of rotatory engines, and substitutes for the crank 
of the common steam-engine, by which power and sim- 



223 THE STEAM-EIJCITE. 

plicity are to be united in the highe«l degree* And 
yet, when we look around u«, we nowhere find tkat 
a phalanx of talent thus concentrated with m state- 
ness of porpose, and an indomitable persereraiiee 
worthy a more hopeful object, has erer been saccessAd 
in producing one form of mechanism to stand in eompeti- 
tiou with the common every- day reciprocating* engine, 
with its crank and its fly-wheel and all its much eoo- 
demned appendages. In this country alone a crowd of 
inventors hare not only proceeded so far at to expend thrir 
ingenuity, labour, and money, in inventing and eoastnwk- 
ing machines of this class, and making them the rnhjact 
of experiment, but mure than a hundred of them 
actuallr laid out in succession four or five hundred 
a-piece in procuring the royal grant of monopoly for 
valuable contrivances. We feel it, therefore, U» be 
duty to give a full and uncompromising expomire of 
fallacies of the rotatory engine. We regard sn^a falli f 
as a grievous obstruction to the advancement of the 
and the industry of Great Britain. It is to the 
of ig^ioranee on this subject, that much of the miadi] 
of mechanical talent, in so far as it has beenap^ied to 
improvement of our prime movers, is to be attribotad. 
Again and again, year after year, do we find the 
machine invented and re- invented, and the same 
roents repeated and the identical failures eooonnteiei 
Of these failures, however, there is only a small 
comparatively which comes before the public 
alone which obtain patents are dragged into light; 
and of these we are only left to infer the sol 
failure, from the circumstance of discovering thnt 
exijgtence is recognised nowhere except in the 
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ments of the Patent- Office. It is indeed a matter of 
general regret, not limited to the suhject of rotatory 
engines, that false pride should prevent men from pub- 
lishing the results of such experiments as may not be 
perfectly successful in accomplishing the objects origi- 
nally intended. It should be recollected, that, as evi- 
dence of the truth or falsehood of some great principle, 
no experiment is valueless, if simply and faithfully de- 
scribed; and that, if it do not serve as a signal-post to point 
the way- to truth, it may at least prove useful as a beacon 
to warn from the path of error. It is to unsuccessful 
experiments that we owe many of our most valuable 
scientific discoveries. The failure of an attempt to make 
a sucking pump more than 33 feet long, led to an acquaint- 
ance with the doctrine of atmospheric pressure, and open- 
ed a new field of research to the genius of Galileo, Torri- 
celli, and Boyle ; and Sir Humphrey Davy is reported, 
on an occasion where he was shown a dexterously mani- 
pulated experiment, to have exclaimed, << I thank God 
I was not made a dexterous manipulator, for the most 
important of my discoveries have been suggested to me 
by failures." Thus we find that the record of error may 
often prove a contribution to truth ; and the man who is 
sufficiently unselfish to impart to others the benefit of 
such experience, is the disinterested friend of science. 
Had all the failures of the rotatory engine. been publicly 
recorded, that avenue of misdirected efiPort would long 
ago have been closed. 

Our present object is to bring together and place 
under the eye of the reader, all that has been done upon 
this subject; the attempts that have been made, and the 
failures of those attempts. We shall thus show that the 
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attempts at a successful rotatory steam-engiae 

every day produced, are mere repetitions of 

which have long ago been tried in circumstances premelT 

the same, and have long- ago hopelessly failed and been absB- 

duned : that these attempts were made in circnmstaacei 

that were well suited to ensure their saccess, had saoocH 

been possible. Let it be recollected that the only odke 

performed by machinery, is the transmission of power from 

an animal or element, and never the creation of power. It 

can modifv motion in direction, relocitr. and force, lo as 

to expend itself in one manner rather than aBOt]ier« fcnt 

it can never create motion or generate power. 

true, or all the experience of the laws of 

has been obtained since the use of indactlre philnisophf 

is false. Solid matter mar ober force and modifr H; fcnt 

can never create power. The only enquiry to be niade. 

therefore, in regard to any engine is this : when fbree is 

applied to the machine,, whether the force of 

any other, does it turn all the force of the 

to a useful purpose, without further diminntum 

occasioned bv necessarv friction and lenstaaoe of tihe 

air, and the least possible loss of power by 

siun ? When steam bursts a boiler, or w: 

the embankment of a resenroir, the power of heat mmd of 

gravity produces its full effect ; but it is not 

effect. The object of a machine is to expend it 

niously in rendering the greatest portion of iti 

useful. The only question entertained is, which fttai of 

engine is best calculated for converting the 

steam to a useful purpose, so as to do so with the 

diminution in its quantity ? 

The common, or reciprocating steam-en^ne^ is di*- 
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tinguished from the rotatory steam-engine by the nature 
of certain parts of its mechanism, which convey the mo- 
tion of the steam to the machinery which is to be moved : 
these are a piston-rod and crank. Now, it is owing to a 
radical misconception of the nature of this elementary 
machine, the crank, that innumerable schemes have been 
devised for the production of circular motion, without the 
intervention of the crank, either by giving to the steam 
itself an immediate circular action, or by the substitution 
of some other less elementary mechanism between the 
reciprocating piston and the revolving axis, as the means 
of producing its rotation. In the most common form of the 
rotatory engine, the cylinder, piston-rod, and cranked axle 
are superseded by a cylinder, valve, stop, and axis. In 
the same way as a mill-wheel is compelled to move in a 
circle, either by the direct action of water or wind upon 
it, so is the drum, or wheel, with valves, fans, or other 
projections on its circumference, urged round by the force 
of the steam, and, enclosed in an outer cylinder, or case, 
gives revolution to an axis to which it is attached. This 
direct rotatory action of the steam will, it is imagined, 
give out the effect of the steam more powerfully, uni- 
formly, and economically, than the common mode of re- 
ciprocating action when converted by the crank into re- 
volution. 

Rotatory engines may be arranged, according to their 
manner of action, into four classes :^ 

1st Class — Rotatory engines of simple emission. 

2d Class — Rotatory engines of medial effect. 

3d Class — Rotatory engines of hydrostatical reaction. 

4th Class — Rotatory engines of the revolving piston. 
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A 9 e\»$elT connect^ with the rotatorr 
fallacr which faa« sri^en rise to moft of them, 
a series of iDventions forming m — 

oth Class — Revolvioir mechanimi tnhfftitmcd for tike 
crank. 

Cl.\<s I. — The rotatorr engine of simple emi«a«s 
forms the earliest as well as the most rode and eleiDCB- 
tarr, method of givipcr motion to medMnism b j tike esmfie 
of Taponr or steam. It is described by Hero of Alex- 
andria, in his Ph€umaf9ca^ npwaidi of IdO y« 
the Christian era. and depends for itsdieetvpoB tke 
principle which gives to a rocket its care 
fire-wheel revolve in displanng its beaatafol l^fcta. b 
these, as in all instances where fire or sAcsm, «r sbt 
flu*d or gas is generated in a chamber, frma wUdk it is 
permitted to issne with violence, it will, in its 
the vessel from which it issnes awar from it m 

m 

po«ite direction : and it is. in fact, meidj aa 
of the principle of recoil, where the gas ggnerated fcj 
explosion of the powder urges the ball ootvaids la cae 
direction, and forces the breech of tbo gm hu I ■ idi ia 
the opposite one. The same recoil is felt ia all caaet of 
simple emission of a duid from a reservoir; aad if it bo 
so arranged that water, steam, air, or the gateoat piWact 
ot gunpiiwder. rn»hes out of a chamber thnw^k ike 
arms of a revolving wheel, the openings of eac^ 
properly directed, the recoil will uqge ronad the 
and we shall have a revolving engine of simple 
By availing himstlf of this principle, tbo amckiust «£ 
Alexandria produced a working engine, merely by fc«g|. 
ing a vessel containing water and air, and allna Im ike 
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vapour to rush from two opposite orifices, at the end of 
two arras proceeding from a sphere, which the emission 
was employed to move. 

Instead of using the principle of recoil, the force of 
steam, issuing with violence as we see it from the mouth 
of a kettle or boiler, may be directed upon the naves of 
a wheel so as to blow them round ; and thus we have a 
second variety in the manner of converting the simple 
issue of steam into a moving power. This second species 
of the rotatory steam-engine of simple emission was in- 
vented by Branca, 1629. Since that time the engines of 
this class have been frequently re-invented and slightly 
modified. 

The theory of machines of simple emission has been 
frequently and fully investigated ; and the result is, that 
there is no possibility of obtaining by simple emission, in 
the most favourable circumstances imaginable, more than 
one-half of the whole power of the steam, so as to make 
it available to useful mechanical effect. The other half 
is wasted in giving off its impulsion to the air, or is ex- 
pended in a current equally unavailing. Practical ex- 
perience corroborates the predictions of theory. Smeaton 
and Pelectan have made the machine of simple issue the 
subject of careful experiment: — 3 parts out of II, 8 parts 
out of 27, and 2 parts out of 5, are the highest measures 
of the useful effect that it has been found practicable to 
attain ; and by no possible improvement can more than 
one-half of the whole power be turned to a useful effect. 

Class II. — Rotatory engines of medial effect are those 

which do not immediately give revolution to an axis, by 

the action of steam upon the wheel, but have a medium 

of communication between the power and the effect, which 

u 
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medium u the direict az^ni is ciiwlBr 
of enzinr* vill b-e veil csiemt^ ^r 

comra'f. aj»ri for nisiax vmi»r : vkkk wTOair^ ¥3- 
OQ the doat« o: a common mO- ■ W«.L viL liriiii £r«Y n*- 
tatory motion to it. The eacrae of Simrj ruics» ^wtBar 
hj prH^in? directlr on in unia£i& z asi 11 i» <a2j umik- 
«arT to allov this w^xer to 1^ ca a vkwC asc ii wZL itt 
made to rerolre. and fonn an CB£«e of eke «vi:Naic 

A TarUty of this cLaa has bcca iaT«BttiA,«f 
Fire-whf^l of Amontons is a trpe. 
water tbroozh certain chmnels tlut £0 
whee*. fr^m a set of cha*Eberf on 
to a corre*p'>sdiDe f«t of chaaaben oa 
thai the side filled with water 
other, a^d the wheel rer^lress. The 
stantlv driven on br the «team from a cii 
whee*: to tLa: opposite, uniform neroli 
of the we:?bt of the water. In this 
'iH the Sizezit. water is the means of 
rotatorv motion. 

Solids hare a;»o been made the mcdii 
tation in thi« manner. Wei^ts of solid 
form of pistoL«, have been tranrferred by tke imnm^ 
s:eam to a con^ider^b'.e distance from tike 
«ide of a wheel, and drawn nearer to it 
«« ac. br brlDsirsr al»cnt a continual 
*ide. to efftct a revolution. Watt and De WhlT 
fiigoed arraDgemeLts of mechanism of tkis 

In tLis class of engines the los of effect 
for it i« nec^e^sarj that the steam, in order to 
circular motionj shall give cot its force ift 
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dinm in motion, and in overcoming the very great re- 
sistance of the liquid in all the pipes and passages and 
valves, through which it is transmitted to alternate sides 
of the wheel in every revolution. The force thus sub- 
tracted from useful effect, is power lost. 

In those which move weights from and towards the cir- 
cumference, there are mere groups of reciprocating pis- 
tons, without cranks, and partaking of the defects to be 
explained in Class V. In fact, in the engines of Watt 
and De Witty of this class, we have a number of reciproca- 
ting engines ranged round a wheel to do the work of one. 
In the case of the fluid medium we have not only a loss 
of all the power expended in moving the medium itself, but 
also the additional loss of effect encountered in all modes 
hitherto adopted for applying a fluid to the rotation of a 
wheel; a loss, in the best examples ever presented in prac- 
tice, amounting of itself to more than J^th part of the 
power. 

Class III. — Engines of hydrostatical reaction are more 
effective than either of the former classes. As invented 
by Watt, in 1796, this species of engine consisted of 
steam-vessels, in the form of hollow rings or circular 
channels, with proper inlets and outlets for the steam, 
mounted on horizontal axles, like the wheels and buckets 
of a water-mill, and wholly immersed in some fluid. 
These tubular wheels were made of iron, six feet in dia- 
meter, and the reaction of mercury was employed to give 
revolution to them. The engine moved, but was found to 
be inefficient, and was abandoned, although it had been 
tried in very favourable circumstances. The principle of 
action is this. Steam is admitted into a circular channel, 
or chamber, on the circumference of a wheel. This 
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chamber U partially filled with iome liquid : llie 
uf the steam is expended in piuhin^ the 
one direetion, and the end of the chamber in the oppoaito 
way: so that, while the Iiqtud is thai focced oat «£ the 
chamber, the chamber is by an equal foree pvdhed 
away from the liquid. The wheel is thos moTwi riMnuL 
It is apparent that a part of the force is employvd in 
propelling the wheel, and the remaLnder is expended in 
OTercoming the resistance of the liquid oi rettctian^ and 
expelling it from the chambas^ whick iri— fatdinji hi a 
Urge portion of the power withdrawn firaoi ■MjTat 
C L A ss I V — Rotatory engines of the len^Tiagr 
are Gon«trccted on a mach better principles 
much fjfcirer prospects of successfnl competitiiiK vitk 
ot the reciprocating piston, than any of the 
erst three cla;sses that hare been already 
these c^Lsies the steam is not confined in rigid 
bat its action is expended in prodnmig' 
i^iii'ii, and expending motion in medial iflTrili^ 
.ire a^^Iess. This is not the case in the 
t.f the revolving piston. The steam is 
close and rigid chamber, and acts only €■ 
Rexlble surfaces, and escapes along confined 
rhAt irs full eliect may be obtained in 
^ic^illj oGsii'^red. it is an engine <^abie of giraagoafe 
:!:e full p jwer o: dhe steam, and, th etrfqi e^ —y fcMy >e 
imi^ined to come into competition witk tke 
cTprocatirz crank engine. The objectioBa tn ifc 
tirelv of a practical citore. and regard the 
its abstract matheniarical form, bat n i marhif — fc of 
ues*-ra:t:blenii-ter — of matter imj 
f J i:»r s c rTe r i r •:: r e s istar ce to motion — of 
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the known laws of motion and rest. These objections 
are not the less valid that they are of a sensible and tan- 
gible, rather than a speculative description. But, as a 
natural consequence of the more plausible deceptions held 
out by this species than by any of the three preceding 
ones, it has followed that the fallacies of this class have 
been more widely seductive than the others ; and many 
eminent mechanicians^ have been led astray by them. 
The fallacy of this class of engines we shall expose in 
conjunction with the next class, as the same miscon- 
ceptions lie, to a considerable extent, at the root of both. 

Class V. — Revolving mechanism substituted for the 
crank of the common steam-enginOi for the purpose of 
obtaining from the reciprocating piston a rotatory efiPect 
otherwise than by the crank, and in a better manner than 
by the crank, forms a class of inventions involving fallacies 
similar to those in which the revolving piston has origi- 
nated. These two may therefore be considered together. 

Although the name of Watt has been included in the 
list of inventors of substitutes for the crank, it should be 
observed, that he was only driven to the invention of a 
substitute by the circumstance of a patent having been 
previously obtained for the crank in its simple form ; and 
that he abandoned his beautiful but more complex me- 
chanism on the instant that the elementary crank was re- 
leased from the fetters of monopoly. It is due also to his 
memory to say, that the sun and planet wheel, which he 
substituted for the crank, is a disguised crank, possess- 
ing all the valuable properties, excepting simplicity 
and smallness of friction, which give to the crank its pre- 
sent eminence as a mean of obtaining rotatory effect. 
It is remarkable that the fallacies regarding the now 
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Hiiir<TMuIr emploT^J crmnk witrv ooevil vitk 

g'ei'tiLFB &« iLe r^hi/.e of rouxare Aeua pftwr. Jifliii 

SiewjkrL. in desniribinr hi* mctf^imiaD fwr d^k | i iii^uBft , in 

the PL:x*»c>pb:c;kI TmssittiosMs I'TTT, oV Kme i ilua -^liii' 

cTk&k or wiiK h i« a moie cff obtaiiaiag dte carc^nlsr mfcaiiii 

wbich JUkX^mllr ocean 33 tii«ionr. bat is prMiSc^ it ^riau£ 

be :t p:t««:bie. from ibenfttore of tiif iBCpaSc>x <«fxiK'«ncTDf'. 

vLici depends on Use force oi the aexoL. asi ckcsic ^ 

aK-^nLined in ii« It-nrth : and. tlMxcfoKi. <n tiW £rfa Tsria- 

:iorj, the matLi&e would ciiWr W broke I* yic<M» or 

turned bj^k." ^Ir SiDeic<«D armci wvk Mr Stewart ai 

tLe iLai^pIiikbilitr of Uie craiik: Wt addaoes aBadbar 

oVi^cti<>n. '- That rreat loss wo^d W jimulJ irr Ar 

aba^olLt« $M<p of the vbole misf of movii^ puts ^ «6eB 

as ibe cir^'iiiori of the motSoa u diawed, and ll^tt al- 

tboorh a faeary £T.wb«<rI mirlit be appfied to 

the motion, it would he a creat encsaibraBeeto 

In «ucb pbr^Lse of eTil omea wat it tbi 

dieted, that tbe ^in^pje meau now iaeiYiy^ji 

CO niiD.ni cation of steam power to rtn 

wo'uld either be attended witb great loan, be 

in iis action, or &]x^*getLer break tbe 

At iL^t time, hovrerer. tbe crank 

tbe Terr same objrciions are sdH ai^ed by 

bare, e-rerv dav. before tbem tbe 

their a.*:5*nion*, 

I. In tbe abstract and poielf' 
tbe suy.^e^T, it can be »bown that tbe 
piTirg* tbe steam possesses none of tbe di 
and that the rotatory mode posseiMS none < 
orJtT attributed to it. 

In making' tbe oomparuoa betweoi tbe 
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reciprocating piston, let it be supposed that the vessels 
containing the steam are equally rigid, equally perfect 
in their form, and are equally divested of friction, and 
that there shall have been obtained for the steam a 
point d'appui as satisfactory in the case of the rotatory, 
as that which the reciprocating engine, possesses in the 
ends of the cylinder ; then, upon this hypothetical condir 
tion, neither engine will excel the other, each will move 
over a space with a power and velocity proportioned to 
the steam which it makes use of, and that engine will do 
most work which uses the greatest quantity of steam. 

The great fundamental principle in the construction of 
machinery is, that the work done depends in quantity only 
upon the quantity and velocity of the power applied, and 
not at all upon the form of the machine ; in other words, 
that a machine has no power, either of consuming or 
creating motive power ; that it can only transmit it ; that 
it can only modify it to suit particular purposes ; and that 
what it loses in pressure it will gain in velocity ; this is 
on the supposition, of course, that the machine is per- 
fectly well made, without friction, and without permit- 
ting the escape and waste of power in some efiPect not 
conducive to the end in view. Setting out, then, from 
this great fundamental principle of virtual velocities, we 
might satisfy ourselves with asserting the truth we now 
wish to establish as a simple self-evident deduction from 
it, and conclude that from this great principle of virtual 
velocities there could not possibly be loss of power by 
the crank steam-engine. 

This summary process would not, however, satisfy the 
enquirer or inventor who has taken the erroneous view 
of the subject, uidess he were given to understand how 



this rreat doctrine maT be nnde to htmr 

diaEccl'.ie^ o: the ca^. He will i«nzni 



qccsti«ciii — -- How U it th^ is the e&auBom 

are able to «ho«r that. &t tvo giim posBt» is hs 

t'.oii. the pu»l:ion is scch that an iafiahe rover wmd. 

7n>icoe no effect as &11 : thit there are obIt tvi» eescbic» 

ct t'xe in vrhi.^h the fonce and iu effieici ar« et^is^: siii 

th^T. at every other point, the pressmv ciTn 4>xi i j TOrt 

«:eam to ihe crank U Ie» than the orainal pewssois' «: 

tie $te.Asi on tbe p':«t4A ? Hot is ikis JnawiTJnif i mt 

l-e rec>>nc:Icd : ** VTe think it right to ghv n Araet a»> 

«wer to tb:« qae§t:on. becaoje a 

Mr Tree jvld. fa^s eommitted a crieTOSi 

\zz. ani ai^pirentZr demonstratiac. that 

cr^jik e::r:::e« actoa'JT differ in ;heorT in Ae 

of 5 to "2 — the proportion being acab 

erzJie : whereas, ii they be not cn^na]* a 

o: cievhanics sLcoe the time of Galileo 

m 

Lit :; r-e rexNjUected. then^ that at tW tvo 
o: the liiie o: cc::tre« the greatest loss ii 
p'i'i-r. Nov, here the tict is. that it is 
c^^ c-e Io$« of po^er. fcr there u no power at all 
there :« no *:eAni ii action : it is 
iviit. the cosizmLication which snj^plies the 
tie tri-iler h:i5 been cc: off. The steam oa m 
the pisM-n ha vie g >i jse its work. on!r wwts toh 
rro2 the ch^=.r*er. and e-scapes on the instant of 
:rj •::' the eduction-valre. and at the 
:he a<:r of hc'.nz permined to enter on the 
for rererslnz the motion. At these points^ tikertlitrew a^ 
^rrMcaiion of fjzci has ceased, and 
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making for reversing- the motion ; and, as no power is 
applied, none can be lost. 

In regard to the remaining points of the circle, at 
which it is said that power is lost, it is easy to show that 
the velocity imparted to the crank is such as to be an 
exact equivalent to the force which is apparently lost. 
The following table presents the results of very accurate 
calculations of power and velocity, showing that the ve- 
locity at a given point in the circle is increased exactly 
in the same ratio as the force or pressure is diminished, so 
as at all times to present the same dynamical equivalent. 
The table extends from one neutral point to the other 
neutral point of the orbit of the crank, comprehending a 
semicircle divided into ten equal parts. The first column 
indicates the point in the semicircle at which the force 
and velocity are estimated ; the next column shows the 
percentage of the direct force of the steam on the piston, 
which is given out in pressure upon the crank of the 
engine ; and the last column, the velocity given out at 
each point. 



Place of the 
crank. 


Per centago of 
power g^ven out in pressure. 


Relative 

velocity. 


0° 


0.00 


Infinite. 


18° 


30.90 


3.236 


36° 


58.78 


1.701 


54° 


80.90 


1.236 


72° 


95.11 


1.051 


90° 


100.00 


LOOO 


108° 


95.11 


1.051 


126° 


80.90 


1.236 


144° 


58.78 


1.701 


162° 


30.90 


3.236 


180° 


0.00 

X 


Infinite. 
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From this table it is eTident that when we Ulke nete^ 
as we most do in erery correct estimate of power, boA 
of force and velocity, the crank has at each point the 
equivalent in greater velocity for less force. 

The n ambers in the second colamn also represent the 
velocity of the piston in relation to the crank ; so that, 
when the velocity of the crank is uniform, the Telocity 
of the piston, or the steam consumed, which is propor- 
tional to its velocity, is in the exact ratio of the pressure 
on the crank. 

The last consideration which we shall snhmit npon this 
part of the subject is, that if the average of the preasores 
on the crank be taken for every point of iU orUt^ it will 
amount to about 63.3 per cent for the whole dreamfcirw 
ence of the circle. Now, as the same cirenmfereiiee of the 
orbit of the crank is greater than the stroke d the 
ton in the cylinder, the whole space described in 
time by the crank is greater than the whole 
scribed by the piston, ali^o in proportion of 3.1416 to 2 ; 
so that, if we combine the grater length d tho wl 
orbit with the force on it, we shall have an ex 
lent to the greater force on the piston moved t h r ou gh a 
smaller space. 

The error of Mr Tredgold lies, not in his — ***nale of 
the effect of the crank, but in his estimate oi the elloGt of 
the steam in the rotatory engine. By a strange ovenigkl^ 
he gives a statement of its power as much over the traik 
as that of the crank is generally stated under tho tradL 
We admit that, in the first abstract view of the mhjaci* 
the rotatory is theoretically a perfectly efficient 
tf»r of power, and we have merely designed to 
that in theory the crank has not the faults nsnailj 
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bated to it, and is also a perfect machine. We sliall by 
and by show what the considerations are by which the 
impracticability of the rotatory scheme is exposed. 

It appears, therefore, that the power of steam is by no 
means disadvantageously applied through the medium of 
the crank in the ordinary way ; because, 1. the velocity 
of the crank is in the inverse ratio of the pressure upon 
it ; 2. because the mean pressure on the crank during 
the whole revolution is less than the pressure on the 
piston, only in the proportion in which the whole space 
moved over by the latter is less than the space described 
by the former, so that the whole e£Pect is equal to the 
whole power ; 3. because the steam is not at all ex- 
pended at the neutral points, and because its expenditure 
is at every point exactly proportioned to the pressure 
which it gives out, the velocity of the piston being in 
that ratio. In theory, therefore, the ordinary crank 
possesses no inferiority to the rotatory machine, as an 
engine for applying the power of steam to revolving 
machinery. 

II. In a practical point of view, it may be shown, that 
the rotatory steam-engine is greatly inferior to the com- 
mon reciprocating crank-engine in simplicity of parts, 
easy construction, cheapness, amount of friction, compact- 
ness, precision and uniformity of work, and durability 
and economy in use ; and that it does not possess any of 
the peculiar applicability that has been attributed to it, 
to the great purposes of inland navigation and railway 
transport. 

1. Simplicity^ — A little unfairness is sometimes in- 
advertently used by inventors of rotatory engines, in 
making comparisons with their machines and the con^- 
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mon crank-engine ; they select the large beam-engine 
with all its conveniences and appendages, and compare it 
with the simplest form of the rotatory engine; bat in 
justice we may be allowed to take the simplest form of 
both. Now, there is a simple form of engine used both 
in America and in this country, of the oscillating species 
as it is called, and this species of reciprocating eng^e 
consists only of the following parts: — cylinder, piston, 
and cranked axle; there are no valves or further mechan- 
ism of any kind, so that where simplicity is the first great 
requisite, this kind may be used with advantage. The 
rotatory engine of the most simple species must have its 
drum, diaphragm, piston, and axle. 

If we take those forms of the rotatory engine which 
require valve-gear, air-pump, condenser, force-pumps, 
&c., such appendages will have no advantage of any kind, 
in either form; but in working. the pumps which are 
themselves reciprocating, the reciprocating engine will 
have the advantage of more direct, immediate, and sim- 
ple action ; for in the rotatory engine additional mechan* 
ism is necessary to convert the revolving motion into one 
calculated for reciprocating pumps. 

2. In ease of construction the simple form of recipro- 
cating engines incomparably excels the rotatory. To 
possess equal powers, the rotatory drum would require 
to be of much larger diameter than the reciprocating 
cylinder ; and the difficulty of construction increases in 
a high ratio with the diameter. The diaphragm is also 
a sliding or revolving piece of mechanism, whose nib- 
bing surfaces require the greatest precision of workman- 
ship. The revolving piston is also a practical problem 
of the greatest difficulty, and one which has never 
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been satisfactorily solved ; for if it be rectangular with 
plane surfaces, it is scarcely possible to make its surfaces 
steam tight ; and if it be a circular and revolving piston, 
its surface and that of the drum become surfaces of double 
curvature, and the difficulty is then prodigiously increased. 
The metallic piston of the common steam-engine is the 
most perfect and mottt simple piece of mechanism, which 
can be made by a very ordinary workman, and which, if 
imperfectly fitted, will, in the progress of doing its work, 
become of itselt every day more and more perfect. An 
editor of a well-known practical journal, although a be- 
liever in the rotatory engine, speaking of one of its sim- 
plest forms, is compelled to admit, <^that there being no 
mode described of making the parts of the engine steam- 
tight by packing, they must be all made so by accurate 
workmanship and grinding, the expense of which, in the 
outset and in repairs, would certainly be too considerable 
to allow it to come into competition with other steam- 
engines of a more common and practicable construction." 
His admission is equally applicable and fatal to all the 
forms of the engine. 

3. The cheapness and first cost of the engine, will 
result from the two former points of inferiority, and will 
be further shown, from those which follow, to be greatly 
and necessarily in favour of the common engine. Not 
only are the parts, from their nature, more easy of con- 
struction, but the extent of polished surface will be 
shown to be much greater in the rotatory, than in the re- 
ciprocating engine. 

4. The quantity of surface exposed to friction is 
greater in the rotatory engine. Let it be recollected 
that, in the rotatory engine, the piston describes the semi- 
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circa mference of the circle, while the putMi of 
procating engine is de«cribing the diameter «>f wu ImL 
it also be recollected, that the reciprocadog pisUM 
back through the retarning stroke, oto* the T«y 
surface through which it formerlj desoended, while tW 
rotatory pi»ton necessarily rerulrea over m new aar- 
face, forming the other semi-cireamferenee of ita orhiL 
Let it aldo be recollected, that the form of the reciproca- 
ting cylinder may be so proportioned, that it may have a 
minimum of surface, while the length of the cbcwt af 
the rotatory piston prerents the possibility of giving it 
a proportion to the radius oi the piston by wkick lUs 
object would be attained ; for it would bo equvalomt to 
making a circle whose diameter should bo oqoal tm ill 
circumference, which is imposnble. It ia iaatpooHhlc^ 
therefore, that the fricUon can erer be aa smali m. Ae 
rotatory as in the reciprocating engine. 

o. Compactness^ — It follows in like manner, fkaft An 
bulk and space occupied by the rotatory engina mmatt fca 
greater than in the reciprocating engine ; fiir m 
case the piston must describe the circnm fe rence of a 
whose diameter is greater than twiee tho radian of 
piston, and in the other case it is only nei 
piston pass through the diameter of it. 

6. In precision and uniformity of worioBg^ ita 
ority will be rendered manifest under head IIL, 
the peculiarities of the crank are explained. 

7. In durability and economy in the woar 
ordinary working, the rotatory must, from 
ments in its constitution, be necessarily far ii 
common engine. It contains in the Tory natam of iln 
action, elements of speedy destruction aad 
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frequent repairs, so that it can never become an economi- 
cal engine. Before proceeding, however, to demonstrate 
the cause of this inferiority, the fact of this inferiority, as 
existing in all previous engines, we shall adduce from the 
unwilling evidence of a friend to rotatory engines. 
Speaking of Mr HaUiday*s engine, he says that, <' the 
extreme accuracy and nice fitting of parts necessary for 
it, will make it very difficult to execute and very easily 
deranged. Rotatory steam-engines possess considerable 
advantages both as to speed and economy of power, and 
would therefore be preferable if they could be made to 
work as well for a continuance^ and be as easily kept in 
good order as common alternating steam-engines ; but from 
their being so very seldom used, we apprehend that this 
is very far from being the case with any of them at pre- 
sent, and that the production of a rotatory steam-engine 
possessed of these necessary qualities, is still an object 
of research." So far the Editor of the Repertory of Arts, 
in testimony that the rotatory steam-engine never has 
been made to work durably and economically ; we now 
go on to show that it never can. 

It is essential to the durability of a machine that its 
parts should wear uniformly, and that, if possible, the 
mere process of wearing should make them fit each 
other more closely. This is pre-eminently true of the 
piston and cylinder of a common reciprocating steam- 
engine. Its piston, cylinder, and valves fit more closely 
as they wear, and are worn with perfect uniformity, so 
as not to require repair, until, by long working, the whole 
thickness of matter in action shall at length have been 
consumed. This is the perfection of mechanism, and is 
admirably exemplified in the metallic piston of a steam- 
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engine, which, working night and day, will r^aire bo re- 
pair of any kind, until, after a long period of years, the 
whole Mrength of the metallic rings shall hare bees 
consumed. 

In the very natare of the rotatory pifton, this mi- 
formity of friction, this increasing adaptation of sarfaces^ 
this permanence of the best working eonditiun, is impos- 
sible. A common reciprocating steam-engine attains its 
be>t working condition after it has wronght ftMr some 
years ; but a rotatory steam-engine, if it hsTe been broaghl 
by care and precision in workmanship to a state of high 
finish and p«'rffct accuracy, fo as to work well fur m dby* 
comiiietic«'s from that moment a rapid eoorse of deteriet*- 
tiun, every succeeding degree of which aceeleratee the 
pro^re!«s of decay ; a decay which can only be lefcaided 
by coiitiiiUHl, laborious, and expensire repairs. The 
following considerations may render obTioos the 
of the elements of self-deterioration in the consul 
of a nitatury steam-engine. 

Suppose two perfectly flat plates dT pdliahed 
perfectly round to be laid one upon the ocher, so as 
exactly to coincide at every point; let the 
re^t upon a table, and let the uppermost he ao 
to turn round on an axis while in contact with the 
and let a rapid mution be communicated to the i 
most ; let us consider what the result of the nti 
of one of these upon the other will be: will they 
equally, so as to remain in a state of matoal 
tion, or will they not? Experience fnniishes na with a 
reply that exactly quadrates with a reasonable 
tion : they will not wear equally, they irill not 
their form, they will not remain flat : they will 
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away most rapidly at the circumference^ and wear open 
there while they are quite close at the centre. Let it be 
considered that the outer edge perforoDS a larger circnit 
than a part nearer to the centre; that, therefore, since all 
the parts revolve in the same time, those nearer to the 
circumference move with greater velocity than those 
toward's the centre; that the attrition is consequently 
most rapid at the circumference, and diminishes uniformly 
towards the centre of the plates; and it necessarily 
follows, that towards the edges the plates must com* 
mence an immediate and rapid was»te, while the cen- 
tre remains uninjured. This result is established as 
matter of experience. It is a circumstance that has caused 
the failure of many beautiful inventions. It is the rea- 
son why conical bearings have been universally hban- 
doned for cylindrical ones; and it is the reason why a 
most beautiful class of inventions has been totally useless 
to the improvement of the common steam-engine ; we 
refer to the revolving valves invented by Oliver Evans 
and by Murray, but now universally abandoned, in spite 
of their simplicity and original cheapness, on account of 
this inequality in the attrition of flat surfaces revolving 
round a centre. 

The application of the result of this illustrative experi- 
ment to the subject in question, is abundantly obvious. 
The rotatory piston is necessarily and inevitably of this 
nature. Performing a circuit round a centre, different 
portions of the bearing surfaces suhjected to pressure, 
and necessarily in contact, and requiring to be steam- 
tight, revolve at unequal distances from the centre, and 
therefore with unequal velocities ; hence the circumfer- 
ential surfaces, under this excessive attrition, wear more 
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rapidly, and become anfit for use \%9ng before ihe c— t ra l 
parU haye suffered any 8en»ible effect. It ie to tkia 
difference of Telocity and of attrition, arising from the 
necessary circumstance of motion round a centre, irluck 
renders it impossible to keep the rotatory engine in m 
workiDg condition with advantage, and from which it 
follows that each day's work renders the engine less 6t 
for the duty of the succeeding day. 

8. The peculiar applicability of the rotator j form of 
steam-engine to the purposes of steam navigation and 
land locomotion, has been much insisted on bj 
of rotatory engines. To both theee 
from its form, supposing it to possets no other diaad^ 
tage, most inapplicable. In a steam -vend, it i* lint of all 
desirable to have the axis of the paddlea aa high aa 
sible, and the weight of the engine as loir aa 
Now if the engine be placed on an axis» which la the 
in this application of the rotatory engine, one off twoovfla 
is incurred: either the axis of the wheda aaart ha 
brought low, which impairs the action of the iraddhw^ or 
the weight of the engines must be exalted so aa to ven- 
der the vessel top-heavy, unsteady, or, as it is teduoallj 
called, " crank/* and liable to be upset. By the ordiaarj 
engine, the axis is elevated to or above the dech, while 
the weight of the engine remains on the floor, at thehei- 
tom of the vessel. Again, to the application of the 
rotatory steam-engine to the purpose of terrestrial hwa 
motion in propelling carriages on railways or other raadi, 
there are insuperable objections. As the rotator j nagino 
is placed immediately upon the axle of the propeUia^ 
wheels, there can be no springs between it and the 
so that every jolt would derange the machiaorj. 



aOTATORY ENGINES. 251 

weight of the engine placed on the axle would in turn 
reciprocate the evil by knocking the wheels to pieces. 
In the reciprocating engine these evils are prevented by 
the detachment of the engine from the axle» and the pro- 
pagation of power through rods, wheels, or chains, to the 
propelling wheel or axis) ; and if any fault still remain in 
the principle of locomotive engines, it is the want of per- 
fect detachment in the very respect which the introduc- 
tion of the rotatory engine would render impossible. 

In addition to all these obstacles which stand in the 
way of rotatory engines, it may be worth while to men- 
tion another circumstance of a practical nature which 
gives great superiority to the common steam-engine; 
we mean the facilities which it presents, and which the 
rotatory engine does not possess, for the attachment of 
the appendages that are indispensable to the functions 
of a perfect steam-engine. The subordinate parts of an 
engine which belong equally to a rotatory and reciproca* 
ting steam-engine are, an air-pump, a feed-pump, and a 
well-pump. These merely require to be attached directly 
to the beam of the common engine, and they are worked 
without the intervention of auxiliary mechanism, because 
the motion of the pumps is reciprocating, and the action 
of the steam is also in the common engine reciprocating ; 
while, on the other hand, in the case of the rotatory steam- 
engine, it would be necessary to convert the revolving 
movement, by a crank or other more complex mechanism, 
into the very reciprocating e£Pect which it is intended to 
supersede. 

All these considerations, of a most important and im- 
mediate practical bearing, clearly prove, that although, in 
the most abstract and elementary theoretical view of the 
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subject, there be an apparent equality of effect ui tke 
rotatory and the reciprucating »teaiii-«ngiiie«, yet tkere 
are practical objections of an iiit(U[»enible nature inhe- 
rent in the very constitution of rotating mechanism, that 
prevents the possibility of rendering it more perftfct. 

III. It is lastly our duty to show that the cummon 
recipnicating crank steam-engine, not only does not 
possess the disadvantages attributed to it, bat that it 
possesses certain very peculiar properties which may not 
have been hitherto clearly understood and defined, bat 
which nevertheless do adapt it in so admirable i 
to the nature of steam and of solid matter, and to 
necessary imperfections of all human mechanis;^ m 
have rendered it triumphant in nniversal praccioe 
every competitor. 

1. It was long imagined that the transaiianiMi flf 
power thrc»ugh a cranky or bend, or handle in •■ axk^ 
was attended in the steam-engine with grtiat loaa of 
e£Pect. In the opinion of such men as SmeatoH, the 
crank was never likely to be used as the means of ob- 
tainini; rotatory motion from steam; while it in tbiavcty 
crank that is, in our day, used alone and imiicffMBj 
over all other methods, although a great rariet j of ocbar 
methods have been successively invented, and finally 
abandoned for the simple elementary crank. Yet it ii 
not without some show of reason, that objectioa 
been made against the practical working of the 
We admit that the argument was rather a itag^caing 
one, but the difficulty has lately been wholly remo^edL 

The staggering fact, to which we ref«r, waa tUa : it 
is given as stated by Dr Penneck of Penaaneey Cotm 
wall, in describing a substitute proposed by him far 
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crank. ** Some have considered a wheel as one-third 
more powerful than the crank, and others that no power 
is lost by the crank ; but, confining myself to practical 
results f it appears from the report of the duty of steam- 
engines as done in Cornwall, and published by the 
Messrs Lean, that the performance of the crank en- 
gines bears no proportion to those in which no crank is 
employed." He then proceeds to show the advantages of 
his own engine, in which a ratchet-wheel is moved by an 
arm, always acting at the extremity of a radius, by which 
means he hopes to save the loss of power occasioned by 
the crank. The fact related by Dr Penneck was perfectly 
accurate. It had happened that the crank steam-engines, 
working expansively in Cornwall, had never given ont 
an adequate e£Pect. That the fault did not lie in the crank, 
bat in other parts of the arrangement, is now apparent : 
it consisted in the want of proper adjustments to admit 
of favourable action in using the steam expansively. Ar- 
rangements for this purpose have, however, been at length 
accomplished, and crank-engines are now in Cornwall 
doing the same work as the average of those that have no 
crank. We have before us the printed reports of last year, 
stating the duty done by the crank-engines of Charleston 
and Wheal Kitty, constructed by Mr Sims. We have also 
before us indications of the actual pressure of the steam on 
the cylinder J as obtained by a very accurate indicator, ap- 
plied in the course of the summer of 1837 by Mr Smith for 
Mr Fairbairn of Manchester, who visited the mines for 
that purpose, and has been kind enough to favour us with 
a copy of his diagrams and observations. We have thus ' 
the means of comparing the power actually exerted on 
the piston with the work done, and find the result of the 
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comparison to be, that the work done is within ten per cent 
of being perfectly equal to the power employed* Here, 
then, we arriFe at this conclusion, that the ntmost con- 
ceivable reach of improvement in the mechanism of the 
steam-engine, if it even attained to perfection, would not 
save more than a few per cents. That the crank engine 
is, therefore, as at present used, as near in practice to the 
perfection of mechanism as any thing we can hope to ob- 
tain, is, we think, satisfactorily explained. 

2. The crank, as a means of converting the recipro- 
cation of the piston of a steam-engine into continnoos re* 
volving movement, possesses certain singular and beaati- 
ful properties which distinguish it from every other means 
of producing that conversion, and which appear to be so 
perfectly adapted to the nature of steam and the consti- 
tution of solid matter, that we are indebted to it mate- 
rially, though indirectly, for the very g^eat advantages 
which we derive from the modern steam-engine as a 
source of mechanical power. Let us examine into the 
causes of this well-established practical superiority of 
the crank to all other modes of producing revolving 
motion. Let it be observed, that in the reciprocat- 
ing piston, from which the crank derives its motion, 
the following things take place : the piston is to be 
put in motion in one direction, then stopped, then put 
in motion in the opposite direction, stopped again, and 
then its motion resumed in the first direction. We 
shall see how admirably the crank adapts itself to 
these changes ; so that, while the piston with which it 
is rigidly connected takes every velocity between its 
maximum velocity and perfect rest, the crank goes 
forward with a motion perfectly regular and perfectly 
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unimpeded. The necessity of this gradual change from 
motion to rest, and a reverse direction of motion, is ob- 
vioas- Matter in motion acquires momentum and can- 
not be stopped, but its impetus must be equally and 
gradually removed, otherwise these moving parts are 
subjected to concussion as if by the stroke of a hammer, 
and must either suffer injury or produce it ; for, when in 
motion, matter requires a force to stop it equal to the 
force which gave it that motion. And, on the other hand, 
when brought to rest, matter cannot instantly be set in 
motion in the opposite direction without a stroke and 
concussion equally violent. To work smoothly, durably, 
profitably, and uniformly, matter must be put in motion 
by gentle gradations, beginning with a very gentle ve- 
locity, and gradually increasing in velocity like a body 
set in motion down an inclined plane, where, if it move 
one foot in the first second, it moves three in the next, 
five in the next, seven in the next, and so on : and in 
like manner in coming to rest, it must do so in the same 
gradual way in which an arrow shot from a bow ver- 
tically into the air loses its motion ; for in the end of 
its course it moves seven feet in the first quarter of 
the last second of time, ^ve feet in the next quarter 
of a second, three feet in the next, and only one foot 
in the last, and then subsides into rest at the instant 
before it recommences motion downwards, which it 
does in a manner perfectly similar. It is required, 
therefore, that while the motion which the steam gives 
off by the crank be uniform and continuous, the parts 
of the engine itself shall be allowed time to be alter- 
nately brought into a state of rest, without shock, con- 
cussion, or jolt, and equally, gradually, and gently be 
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again urged t(» their greatest Telocity in the 
direction. All thi« the crank effects with the 
qaii^ice nicety of adjustment; it st4>p« the pittoa 
motion as gently and sotily as if b coahioB <if eider 
placed to receive it ; and alter haviiig' brought it to rest, 
again begins and accelerates its motion, as graduallr aad 
gently, to the highe»t Ti-lucity^ the opposite directioa. 
An a<lju»tment so perfect is only possible in such a rela- 
tion ari that which subsists between the cirde of the 
crank and the axis of the piston. Noir if we coaqMie 
this mode of action with any of the sabatitDtca fur the 
crank, by which it has been proposed to gun nai- 
formity of power, we »haH 6nd that in these it weaU 
be required that the transitions from rest to motian aad 
from motion to rest should be instantaaeooa ; 
such arrangements, being soon disordered* hava 
abandoned. It will al!K> be foond that in rotatory 
it is necessary that the transitions and chaagei 
rangement, where these exist, are necessarily 
taneous, or if nut, that steam is lost, or that the 
aniformicy of power is sacrificed. 

3. The next property of the crank, as an 
machine for the conversion of motion, is its 
power of reducing errors of constraction, 
and execution. It is one of the highest 
of a piece of mechanism, that any trivial errors 
in its construction shall not materially injure its 
and that any slight derangement in its adjostOMBt 
not be attended with immediate deterioration 
rated injury ; but that, on the other hand, the 
of the machine shall be consistent with snch dggreea ef 
orrectness in workmanship, and aecnracy in 
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and care in making use of it, as are consistent with the 
ordinary amount of intelligence and attention of ordinary- 
workmen ; and that the progress of derangement and ne- 
cessary tear and wear shall be so gradual as to give 
timely warning of danger, and admit of ready repair and 
re- adjustment. The crank is precisely such a piece of 
mechanism. Errors iu adjustment or construction of 
valves and other vital mechanism, are diminished in effect 
by the crank one hundred-fold; the changes of the valves, 
the essential part of the mechanism, take place only at 
the top and bottom of the stroke. Now at these instants 
the crank is on the << line of the centres/' as it is techni- 
cally called ; and it is just in this position that a minimum 
of force is made to act on the crank ; so that if the valves 
do not open with perfect precision, but either a little too 
soon, or a little too late, then will such error at that part 
of the circuit be of comparatively trifling consequence, 
because then the motion of the piston is so slight, that 
through an arc of twenty degrees of the crank it does 
not describe the hundredth part of that space ; and the 
effect of any error committed within that range, will not 
affect the result in the crank by one hundredth part of 
its full amount. 

In like manner, errors in management and errors 
arising from wearing, are reduced a hundred-fold in 
effect by transmission through the crank. It has fre- 
quently been to us matter of astonishment, to see at the 
mouths of coal-pits, mines, and quarries, mere remnants 
of engines, frail rusty old fragments of iron and wood 
80 loose as scarcely to stand upright upon their bases, to 
see these superannuated drudges still performing heavy 
work to a very large percentage of their fuU power. 

Y 
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4. To these circomstaDGes we may add, that it is to 
the possess! o a of these properties that we may attribute 
the fact, that reciprocating engines are constracted of 
enormous weight in their moving parts, and of ponderoni 
dimensions, without being thereby sensibly deteriormted 
in working. The crank acquires a slow motion at the 
commencement of the stroke, and an accelerated motion 
is there ^y acquired in a manner equally gradual by all parts 
of the machine ; and in like manner, at the termiiiation 
of the stroke, it brings them to rest in a gradation lo 
gentle and uniformly retarded, as again to reoeire fivm 
them much of the impetus which it had formerly coni« 
municated. The impetus, therefore, given to the re- 
ciprocating parts is only leni^ not losL 

We have thus endeavoured to expose the nature ef 
the fallacy under which 'they labour who imagine dbat 
the present steam-engine, as derived from Watt^ ia a 
machine which destroys or absorbs a large portioa mi 
the power it is designed to transmit, and who look to 
the rotatory engine as a means of increasing the SMOnnt 
of the power given out in useful effect. That the rotatorj 
engines which appear day after day are not new, we 
show from the fact, that the five great dasaes which 
prebend them all have already been invented and 
invented by upwards of a hundred individoals* That their 
inventions have been unsuccessful, is manifest firom the 
non-existence of their machines in the daily use of oidi- 
nary manufactures. That the fiulnres of these cimtri- 
vances did not arise from defects accidental to the peea- 
liar arrangements and contrivances of the ""gin% ia 
rendered probable by the great variety of forms ia vi^ich 
they have been re-invented, trie J, and a landoaed. That 
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tbey have not failed from deficiencies in the workman- 
ship and practical details, is rendered still more probable 
by the circumstance of findings among the names of in- 
ventors those of the raost eminent practical engineers. 
We have next shown, that in theory, the crank of the 
steam-engine in common use cannot, as has been sup- 
posed, be attended with a loss of power, as such loss 
would oppose the established doctrine of virtual veloci- 
ties. It is also shown, from very simple and elementary 
considerations, that what appears to be lost in force is 
resumed in velocity ; that in proportion as the mean 
force on the piston is greater than the mean force on the 
crank, in that proportion is the space described by the 
latter greater than the space described by the former ; 
that the dynamical effect produced in a given time, is 
exactly in the proportion of the steam expended in that 
given time. And thus have we arrived at the conclusion, 
that the common reciprocating crank steam-engine has 
not the faults attributed to it in theory, and which the 
rotatory engines have been designed to remedy. We 
have next taken the practical view of the subject. In 
simplicity of parts, the rotatory engine has no advantage 
over the reciprocating piston ; in difficulty of construc- 
tion, the rotatory piston far exceeds the reciprocating 
engine : it is more expensive at the outset — it has more 
friction — it is more bulky and less compact — it is infe- 
rior in precision and uniformity of action to the crank- 
engine — and there is a radical fault inherent in the very 
nature of rotatory mechanism, from which it follows 
that the rotatory engine can never be rendered either an 
economical or a durable machine. We have further 
shown, that even if the rotatory engine could be made 
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economical and durable^ its very^iatiire renden it im- 
soited to the great pnrposea of steam nATigation aad 
inland locomotion ; objects to which it has been considered 
peculiarly applicable. We deemed it an appropriate and 
instmctive conclnsion to onr enqniiy, to examine into 
the action of the crank, for the purpose of disoorering 
what those remarkable qualities are, which haTe givea 
to the crank of the conmion steam-en^^e its onrivalled 
superiority as an element for the production of ciicular 
motion, and a degree of perfection unattainable by aay 
other mechanism. We have seen that well eonabmeled 
crank steam-engines are daUy performing duty wUdi la 
within ten per cent of the theoretical maTimnm of poa- 
sible effect— of absolute perfection; that this practieal 
perfection arises from the simplicity of the cranky froas 
its wonderful adaptation to the nature and lawa of 
ter, and of circular motion in connexion with 
motion — ^from its reduction of errors either in 
tion, adjustment, or management, so as to work well 
without the absolute necessity of greater inteiligeaee^ 
expertness, and precision, than belong to ordinarj 
men — and from the compensating nature of the 
ment of its structure, by which it is accommodated in a 
remarkable degree to the necessary imperfeetiooa ef all 
human mechanism. 



ON STEAM-ENGINE BOILERS. 



The construction of a boiler must appear to sim^e aa 
arrangement of materials, as to require very little inge- 
nuity or contrivance ; a large enough boiler placed apon 
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a large enough fire being sufficient to generate any re- 
quisite supply of steam. Simple, however, as such an 
arrangement may seem, the best construction of boiler 
is a subject upon which very widely different and even 
opposite opinions are entertained by men of the great- 
est science and experience. There is perhaps no branch 
of practical art in which so much remains to be deter- 
mined and improved, and scarcely any which science 
has done so little to advance. To follow servilely what 
has, in a given instance, been << found to answer," is the 
rale of the most sagacious mechanics, and the doctrine of 
the wisest authors. Those who have attempted to in- 
vent have commonly erred; those who have general- 
ized have invariably been rash and unsuccessful, and 
their erroneous theories have led astray their followers, 
when they happen to have any. 

The art of constructing steam-boilers is, we have said, 
in its infancy ; but it is likely, we think, to make rapid 
progress. The construction of the boiler of the locomo- 
tive-engine, which every day performs what at a former 
period we should have termed impossibilities, exhibited 
a strikingly anomalous phenomenon, by which the at- 
tention of all men who thought upon such subjects was 
suddenly arrested : this little barrel of water generates 
as much steam in an hour, as would formerly have been 
raised from a boiler and fire occupying a considerable 
house. The frequent explosion of boilers, both here and 
in America, has also directed attention to the efficient 
construction of boilers. The patient experimental en- 
quiry that has since been set on foot, must lay open the 
whole of the important parts of the question so tho- 
roughly, and bring out the facts with such clearness and 
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precision, as to lead, by safe and rapid indaetioa, to tke 
g'eneral principles \ty which we may be able to predict 
the result of every supposed case, and deduce safe rules 
for the guidance of practical men in all circamstanees. 
The investigation of the whole sabject of stemm-boilen, 
recently undertaken in America by the Franklin Insti- 
tute, has already done much to settle many points of 
dispute. The publication of the reports of the Ame- 
rican and English Governments on the explosions of 
steam-boilers, has elicited many valnable contribotioBS 
to the stock of knowledge ; the useful practical traotise 
of Mr Armstrong has given us an instructire view of the 
state of practice in the busy district of Laacnahire ; the 
treatises of Mr Wood and M. de Pampbonr ob Railway 
Locomotives ; and the papeni, in the Transactiona of the 
Institution of Civil Engineers, on the statistics of BoilcfS 
and Combustion, have supplied and discussed a 
collection of important facts, that will materially 
the future investigation of the best constmctioa 
boilers. 

During the first period of the history of the 
engine, the danger of bursting the boiler, aad the dift- 
cnlty of making it strong enough to resist the i a t eiaa l 
force acting towards explosion, and also of ■■'■^»^ the 
joints tight against the leakage of highly dastie 
formed the chief obstacles to the introdactioB mi 
as a mechanical mover. 

The first important point in preparing a steam-hoil^ 
to secure strength, without unnecessary expeaae of 
rials. If we take the simplest form of vessel : 
simple rectangular water-tank — suppose the t< 
small scale, made of sheet -iron, and soldered aft the od^pes^ 
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80 as to form an air-tight box; then, by simply blowing 
into it, we shall manifest its weakness ; for the sides will 
first of all bulge out, and, if the materials yield and allow 
the vessel to change its shape, it will at last swell into 
a globular form, with angular knobs upon it at the cor- 
ners, from which pyramidal extremities, the globular 
parts, will finally be torn away with an explosion, which 
will, in all probability, take place long before the vessel 
has attained the shape mentioned above. 

The globular or spherical shape was very early adopt- 
ed, as one of greatest capacity, as a shape in which, the 
pressure at every point being equal, there remained no 
force tending to produce fiexure, or destroy the equi- 
librium of strength and strain at any point. A fire 
was then lighted below the boiler, and the steam con- 
fined until the heat had raised it to the temperature 
required for the given pressure. This form was accord- 
ingly adopted by Hero, Savary, and others, as may 
be seen in the representations of their boilers, which 
we have given in the historical portion of this 
treatise. 

It was soon found that a spherical boiler, being set upon 
an open fire, required an enormous consumption of fuel 
to raise a small quantity of steam, the heat being co- 
piously radiated, not alone to the water in the boiler, but 
also in very great quantity to the surrounding objects, 
besides being rapidly carried off by the air. To surround 
the spherical boiler with non-conducting substances, and 
to keep the flame throughout its whole extent in contact 
with the surface of the boiler, so as to prevent radiation 
to surrounding objects, and also to diminish the size of 
the fire by making it wind round the boiler, were the 
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firit ilepi towards i m prove meat ; and we aeeordlnglr 

find in the work of Dr DeMgnli«n the mbseqneiit form of 

■ boiler. Fig. 197 ia « front 

Tiew of tlie boiler tet in ■ "g- '• 

building of brick, a subttance . 

which is good «a » non-con- 4 jT^^ MfLfl 

duclor of heat, and calenlated ^ .. Jmat ' .. - J Ml! 

to withstand the deatrnctive | mt g^^^ i 

action of fire. A deep luh- I K^^^^^^^ A 

pit lies immediately nnder the i SPjjP^^SW'JWW 

fire, which rests on a number — = ^^^ J™— " " -i -l^^l 

of parallel iron ban, placed L^^HH 

•o dose to each other as to 

prevent the fuel £rom falling throngh, and at the aune time 
to admit between them the air requisite for comlmuiaB - 
and the door of the furnace being kept dosed at ^ 
times, except wben fuel is to be added to the 6m, Am 
wliole of the matter of the fuel is in this way soppliad 
with air, which passes np throngh the int eralic e a fif Ae 
bars. The flame, after having passed along tha boltaa 
of the boiler, winds in a corkscrew form anmnd it> aides, 
in contact with the surface of the boiler, in a ^inl cfcaa- 
nel formed by the bricks, and called ajftw, bj irU^ tbe 
smoke and hot air are at last conveyed into a i fti'ia.ji, 
A damper, as it is called, is formed by a amall plate af 
iron, admitted through a slit into the opening wliav ibe 
fine joins the chimney ; so that, by poshing this ^alo 
into the opening, the passage of ibe smoke ont into Ae 
chimney, and consequently of the fresh air into tho fic«^ 
may be obstructed, the combustion of the foel rnfantod, 
and the too rapid generation of steam prerented. la 
this simple way, the attendant is enabled^ by nonly 
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pushing in or drawing oat the damper, to regulate with 
great precision the generation of the steam. The pipe 
which conducts the steam to its ultimate destination, 
is called the steam-pipe ; and there is another pipe neces* 
sary to the continued action of the hoiler, called a feed^ 
pipCf through which water may he made to enter the 
hoiler, as it is evident that otherwise the water, heing 
continually hoiling off in the shape of steam, would soon 
leave the hoiler empty ; so that a constant supply of an 
inch of water for every foot of steam, or six gallons of 
water for every horse power, is required to enter the 
hoiler through the feed-pipe. 

The form of boiler next in simplicity to the spherical 
boiler is the cylindrical. From the facility with which 
a cylinder is made, it was introduced at a very early 
period. It stood upright, as in fig. 198, the fire being 



Fig. 198. 



Fig. 199. 





placed at the bottom, and the fine winding round that 
part of the sides covered with water. This form of 
boiler was found, however, to have the disadvantage of 
weakness in the bottom part. 

For thie prevention of these two evils, the cylindri- 
oal form of boiler was very soon modified and improved 
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by two opposite expedients, one applied at the top mod 
the other at the bottom of the cylinder. The top beings 
made hemispherical, possessed all the advimtages of a 
spherical boiler ; and the bottom being arched upwards, 
so as to present a large concave dome to the impact of 
the flame, this dome being sustained by the cylindrical 
belt roand its spring, a very strong and extensiFe sur- 
face was obtained, as in Fig. 199. 

In this cylindro-spherical boiler, it was found that the 
action of the flame on the upright ronnd sides produced 
a very slight effect in raising heat. It was therefore 
desirable that the flame should be bronght somewhat 
under the sides, by inclining them a little outwards. 
The boiler then assumed a form which has since 
very common, and from its shape, has not inaptly 
named the haycock boiler, fig. 200. 

Fig. 200. Fig. 201. 





The same effect was next obtained in many of Ao 
boilers of Newcomen, in the way represented im fig-. 
201, so that the flame in the flues impinged 
surface directly over them ; the flues in this 
ing a recess in the sides of the boiler, instead of hmam 
built around it by the brickwork alone. In piocesa of 
time, boilers of much larger sise came to be reqnbvd^ 
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and tlie spherical shape was found cambrona and too ca- 
paciuus, that is to gay, contained an enomioua mass of 
water, whiuh it required mach time and fuel to heat to 
the boiling point before any steam could be raised. 
The diameter, also, of the boiler wag bo great when much 
Bteam was required, that the enormous dome became 
weakened. To make a stronger boiler, and one which 
sliould, at the same time, cover a large fire, the teaggon 
boiler was introduced by Mr Watt ; an oblong boiler, of 
whose form no better definition can be giren than the 
descriptive epithet which forms its name. It closely re- 
sembles those loi^, heavily laden, four-wheeled wag- 
gons, which a team of six or eight horses may occasion- 
ally be seen dragging along with difficulty. 

The waggon boiler is made of considerable length, and 
its transverse section, fig. 202, resembles that of the old 
cylindrical boiler. 



Fig. 202. 



Fig. 203. 





In this form the boiler was long made by Messrs Watt 
and Bolton. It was afterwards improved by hollowing 
inwards the sides, for the purpose of bringing them 
more immediately over the £ame. Of this form of the 
waggon boiler, which ii universally used at the present 
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by two opposite expedients, one applied at the top mod 
the other at the bottom of the cylinder. The top beings 
made hemispherical, possessed all the advantages of a 
spherical boiler; and the bottom being arched vpwardsy 
so as to present a large concave dome to the impact of 
the flame, this dome being snstiuned by the cylindrical 
belt round its spring, a very strong and extensive snr- 
faice was obtained, as in Fig. 199. 

In this cylindro-spherical boiler, it was found that the 
action of the flame on the upright round sides produced 
a very slight effect in raising heat. It was therefore 
desirable that the flame should be brought somewliat 
under the sides, by inclining them a little ontwarda. 
The boiler then assumed a form which has since become 
very common, and from its shape, has not inaptly been 
named the haycock boiler, fig. 200. 

Fig. 200. Fig. 201. 





The same effect was next obtained in many of the 
boilers of Newcomen, in the way represented ia W. 
201, so that the flame in the flues impinged upon a 
surface directly over them ; the flues in this caae fbnn- 
ing a recess in the sides of the boiler, instead of beiav 
built around it by the brickwork alone* In proeeia of 
time, boilers of much larger sise came to be reqaiivd^ 
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Fig. 203. Fig;. 




itaelF, is the object of that construction of cfliadrio 
boiler now much in use, especialljr where considerable 
pressure is used. It is certainly one of the cheapest, 
safest, and best boilers. A cylinder, figs. 208 and 209, 
perhaps thirty feet in length and four feet in diameter, 
with two hemispherical ends, is laid with its axis nearly 
horizontal ; and below it, at one end, is placed the fire, 
enclosed by brick, as usual. The flame traverses the 
bottom of the boiler, beating directly upon its nnder 
Fig. 209. Fig. 209. 




horizontal surface till it reaches the end farthest from 
the fire. The flame and hot air then return along the 
one side of the cylinder, being confined in a brick flae, 
and, passing along in trout of the end which is over the 
fire, traverses the other side towards the chimney, which 
it enters after having thus traversed the length of the 
boiler three times, and applied its heat successively to 
every point of the cylinder which is covered with water. 
This is a boiler that requires no stays, and is valaable 
where room is not important. It contains much water, 
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requires much heat to raise its temperature after being 
cooled at night, and is Tery bulky. The Americans 
have adopted thi8 boiler to a g^at extent. It waa 
introduced among them by the ingenious Erans. It is 
generally of a smaller diameter than three feet, and has 
flat cast-iron ends of great thickness, which they call 
heads. 

These boilers, the spherical, cylindrical, and waggon 
shaped, may properly be denominated the simple boil- 
ers. But some hundreds of kinds of boilers haTe been 
invented for different purposes; almost all of them 
designed to save either bulk, weight, or faeL Some of 
these have been much more successful than others ; and it 
is necessary to examine upon what principles any im- 
provements attempted in boilers should proceed. In 
steam navigation, diminished bulk, weight, and 
sumption of fuel, are all objects of the fint imj 
as also in locomotive engines on land. 

To make a little boiler generate a great deal of 

steam in a very short time, is a yery difficolft matter. 

Let any one take a common open caldron, or boikft 

such as 13 used to boil a few gallons of water ; 

pose the vessel to hold 84 gallons 

of water, to be set on a fire so that 9 Fig. 210. 

or 10 feet of its bottom surface are 

exposed to the fire ; then he will find 

that he cannot turn more than about 

6 or 7 gallons of water an hour into 

steam. By blowing the fire violently, 

this quantity may be exceeded, but 

with a great waste of coal : and it will 

require a very good chimney, with an 
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excellent draught, to produce even 6 gallons an hour in 
steam which is about the quantity of water an hoar 
required to furnish steam for an engine of one horse 
power ; 6 gallons being nearly one cubic foot. 

Suppose, then, a greater quantity of steam is to be 
produced ; how is that to be obtained? The answer if 
this: only by a larger boiler and a larger fire, acting on 
a larger surface. This general statement must be under- 
stood in the following way. 

A larger boiler, calculated to generate more steam, 
does not exactly mean one which holds more water. It 
is found that the power of the boiler depends primarily 
upon the extent of its exposure to the action of the fire, 
or, as it is generally designated, the extent of heating 
surface. It appears that the heat cannot penetrate 
through the material of the boiler with more than a cer- 
tain rapidity, and that the water evaporated over each 
square foot by the heat passing through, is not more 
than about |ths of a gallon in an hour ; and so it requires 
some 9 or 10 such feet of heating surface to boil off 6 
gallons, or a cubic foot of water, capable of producing 
one horse power in the steam-engine* Now, for every 
such foot of heating surface there will be a corresponding 
generation of steam ; and a boiler having 100 square feet 
of surface exposed to the fire will be capable of evapo- 
rating 100 times f ths of a gallon of water an hour, 
being 60 gallons, and about 1 horse power. The extent 
of heating surface, and not the quantity of fluid contained 
in it, is the measure of the power of a boiler. 

One great object of improvements in boilers has been, 
to increase as much as possible the extent of heat- 
ing surface without increasing its general dimensions. 
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One very efficient mode of doing 
this, b by the adoptioa of intenul 
flnei. Thus Bolton and Wtt bsve 
inverted n flue in the middle of the 
large waggon boiler, in the manner 
thon-nin fig^211 and 212; ntlia^ 
after tlie flame has passed along the 
bottom of the boiler to the further 
end, it returns along the flue in the 
middle of the water to the fron^ and 
then makes an entire circuit of the 
outside of the boiler before entering 
the chimney. Thns, in a bailer 6 
feet wide and 8 feet high and 20 
feet long, an internal flue 3 feet 
wide and 3 feet deep, along the 
whole length, adds about 240 square 
feet of surface to the boiler, with- 
out increasing the bulk of the room 
taken up by it. 

The same plan has been ex- 
tensively employed in eylindri> 
cal boilers, the flame and hot ur | 
being made to trat-erse a hollow 
Jube or cylinder in the interior of the boiler: i 
times several such flues hare been nsed, and 
raultiflned boilers are now in greid repat& 
modifications are given in the figures. The anall 
pipes or cylindric floes, surrounded with water ti mi Mw 
the whole length of the boiler, and expoan s KraMer 
quantity of surface of water to the acdon of kmt, ia pro- 
portion as the tobet are small and i 




BOILERS WITH INTERNAL FLUES. 



273 



Fig 213. 



Fig. 214. 





tubular-flued boilers are at the present day extensively 
used. They economize space, andy with a small exterior 
surface of boiler, generate a large quantity of steam. 
They are much used in Cornwall, in marine boilers, and 
in locomotive boilers. 

In these boilers a large surface is still exposed to the 
cold air, and the brick-work in which the fire is placed 
radiates o£P a considerable portion of heat, which is lost. 
To remedy this evil, the furnace has been so contrived that 
the fire is in the inside of the boiler. This was probably 
done for the first time by Smeaton, who succeeded in 
producing almost as high a proportion of steam from fue^ 
as engineers of a more modem date. His portable- engine 
boiler is represented in figs. 215, 216. The interior of 
this hay-cock boiler contains a hollow ball of cast-iron, in 
which the fuel is burned. Air enters by an aperture at the 
bottom, a large cast-iron pipe leads through the water to 
the door, and another pipe in the opposite direction passes 
through the water, conducting the products of combustion 
to the chimney, immediately round which is introduced 
the fresh supplies of cold water for replenishing the 
boiler. 
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Fig. 215. 



Fig. 916. 





Bat a innch better boQer than thii, and one indoed 
which might bear conipariMn with many boiler* of the 
preaent day, is one given by Mr Farey aa the inrentim 
of ao nnknown author. In the centre of a largn old- 
fashioned hay-stack boiler, figi, 217, £16, ia plaoed 
a large round fnmace, from whidi there paasea a 
simple rectangular flue, winding round and rannd tha 
boiler in spiral circuits till it reaches the ontaide, aad 
thence passes to the chimney. 

Fig. 217. Fig. 918. 





In the same way it baa olten been provided that tlw 
furnace should be in the interior of a cylindrical bdlSt 
by placing another cylindrical tnbe of large diniBnaio— b 
the interior of the outer case, ai in fig.SI9, to aerre at <MBt 
as furnace and flue. This wai probably fint done bj^V^ 
Tithic,theadrocateofhigb-presinreenginM!nthiaeoiiBlry. 

To the great central flue there hare been aiimiiliwM 
added lateral flues on each side, for the return nt Ae 
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Fig. 219. 




products of combastion, ^g. 220. Thas, again, this in- 
ternal flue has been made elliptical, fig. 222, a danger- 
ous and weak form. 



Fig. 220. 



Pig. 221. 





It is one of the faults of the boilers that have their 
fires in the internal tubes, that the ash-pit and interior 
of the furnace over the fuel are so confined, as to pre- 
vent that perfect combustion of fuel which may be 
obtained by a deep ash-pit, a large expanse of fire-grate, 
and a deep and wide furnace. These evils may, in some 
measure, be obviated by an inteilial flue of large dimen- 
sions ; but this very large one is extremely dangerous, 
and liable to explosion. The evil has been remedied by 
the following species of boiler, figs. 222, 223, where the 
fire is still surrounded by water, and gives ample room 
for the most perfect combustion. 
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Id this Bpecies of boiler, the tab« opou ont it tha fnau 
10 as to leare a Hmicirels or » nmi-efliader abora tbe 
fire, and two vertical spacei, or « wmter Iflgi*" as thay 
are called, wliich cover the fire on both lidea; tKai 
obstructing the heat tliat woold othoririse paaa away 
iato the brick building, and at the tama tine earmag a 
large and wide space of furnace ban, a deep uh•pt^ aad 
■o ensnring adequate combnstion. The internal ■ 
of this boiler has been still farther inereaaed, hf ■ 
luting for this single tabe a namber of imaller ob 
inches in diameter, as in figs. 221, 225. 

Fig. 224. Fig. :225. 





After passing through all theee tobM, the flama awl hat 
gases again return alnng the bottom and ndaa «■ tba 
right of the boiler, and pass back on the other uda ta 
the chimney. A form of boilar nmilar te tUa k mmk 
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Dsed in Lancashire, and is called the Butterly Boiler, figs. 
226, 227. It has the large internal flue, hut wants the 
fire legs, and in this respect is inferior to the former. 

Those boilers, already described, are the practical forms 
in use among intelligent engineers. The varieties of 
boiler that have been invented, amount to some hun- 
dreds. The Patent Records of the present day teem 
Fig. 226. Fig. 227. 




with new and improved boilers ; and yet it is a matter of 
constant complaint with engineers, that no great im- 
provement has ever been made in boilers, but that as 
satisfactory results have been obtained from plain, simple 
boilers, of the kind used half a century ago, as from the 
modern and most complex forms. 

The conclusion to be drawn from all that has been 
attempted or achieved in boilers is, we believe, the fol- 
lowing: that there exist certain limits prescribed by 

the constitution of fuel, the nature of metals, and the 
properties of water and steam, which cannot be exceeded 

without incurring evils that greatly overbalance the par- 
tial gain. The best boilers that have ever existed have 
been those in which a large number of principles have 
been applied, and so adjusted in relation to each other 
as to gain the maximum, not of any one property, but of 
all the valuable properties, each in the degree of its indi- 
vidual importance. The first cost of the boiler must not 
be rendered too great, or that will neutralize the economy 
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of using it : the space to which it is confined mmy be m 
small as possible ; bat if that be produced hj intrieaey of 
construction, the loss may surpass the adTantage. Theni 
again, if complex and confined, it may be impossible to 
cleanse or to repair the boiler ; and therefore it must be 
remembered, that, unless easy access can be guned to 
every part of a boiler, and of its flues, that boiler will 
soon become totally useless. Then it is farther demanded 
of a good practical boiler, that, if one part should be 
damaged or give way, the whole should be so eonstmct- 
ed that the damage done to that part must not endanger 
the rest. An extensive heating sarfaoe is to be ob- 
tained for economy's sake ; bat that large anrface aiaat 
at the same time remain unimpiured to resist bursting ; 
a property to a certain extent inconsistent with eztennve 
surface. The surface which is thus spread as widely 
as possible, so as to apply the fire to the water thro^gk 
every part of its mass minutely and in great sabdirisionsi 
if extended beyond a certain degree, will not luiTe o?er 
it a body of water capable of conducting heat froai it 
the rapidity adequate to the rapid generation of 
and to the preservation of the intensely heated metal 
the destructive action of the Are. Then, again, it ia de- 
sirable to have long and tortuous fluet^ to eztricato aa 
much heat as possible from the fuel and the prodnels af 
combustion ; but these, by their Tery length, may ia* 
terfere with the draught of the chimney, so as to diari- 
nish the efficacy and vigour of the combustion of thelbel, 
and produce loss instead of gain. Thus it happens 
that the whole question of boilers is an exact and jodi- 
cious combination and adjustment of parts, so as to obtaia 
each of these many points in that degree whieh is 
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advantageous for every one of the other qaalities, and 
of all of them together. The question is a practical one 
of no common difficulty. 

It is principally by the collection of facts, of accurately 
recorded statistics of boilers, of the practical experience 
of the most eminent engineers, that we can gather data 
for the solution of the question of the best boiler. We 
are not without such data, although it is much to be re- 
gretted that they are not so abundant as we should wish. 
We shall now examine the various points in the structure 
and functions of a boiler in a simple succession. 

The materials of which a boiler should be formed, have 
been a subject much discussed. Copper, iron, brass, cast- 
iron, lead, and even stone, have been employed. Boilers 
of steam- vessels are frequently made of copper. Many 
steam-boilers have been made of cast-iron, and have 
lasted long, and been very efficient under careful man- 
agement. Wrought- iron-plate boilers are very common 
in this country ; and in America have been much used, 
with cast-iron ends or heads of considerable thickness. 
The boilers of locomotive engines have the interior, 
which is exposed to the direct impact of the flame, formed 
of copper, and sometimes partly of brass ; the exterior 
of the boiler being wrought-iron. Cast-iron boilers were 
extensively used under Mr Smeaton, towards the end of 
last century ; and when used with care, were employed 
with advantage where fuel was plentiful, from their 
cheapness. A stone exterior jointed with cement, the 
interior being copper, where subject to great heat, and 
when the steam has scarcely any greater pressure than 
the atmosphere, has also been employed ; and a dome 
or cupola of lead was often seen, in earlier times, when 
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the art of working iron-plate was less ecmiiMm thaa 
it is now, forming the coTer of the antiquated liay-«tadk 
boiler, which, in these times, the *<wag^n'* of Watt 
has almost entirely removed out of ose. 

Copper is the best of all substances for steam-engiBe 
boilers, in a mechanical point of riew. That it is not 
best in a mercantile point of Tiew, is proved hj the 
almost universal use of wronght-iron bcnlen. Yet it is 
difficult to see why this should be the case, if we remeai- 
ber that copper lasts for ever, and is worth, irfaea dU» 
nearly two-thirds of its first eost, besides being a 
better conductor of heat, and so saTuiig fioel and 
The labour, too, of making a copper boiler is bo 
than an iron one. The relative value of tbese 
for boilers may be stated thus :— 
The efficiency of a copper boiler in genera- 
ting steam, is to that of iron as . 8 to 2 
The cheapness of equal weights of copper 

and iron boilers, are as . • SO to 190 

The value of old materials diminished by 

15 years* interest, is . • . 4 to 3 

Durability, 5 to 1 



aoto M 



The combination of all these ratios is in Ikvoor ef 
copper ; and if we add the trouble of replaciiig tke aew 
iron boiler, and detaching it from all its conn eM OM ^ five 
times for once in the case of copper, the scale still fmihgi 
preponderates on the same side. We must look, t hei e fai ^ 
for the explanation of the general use of irwi to Ae 
state of mercantile affairs, and the valoe of 
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a commercial commnnity. It proves that a certain loss, 
within 15 or 20 years, in a proportion of 12 to 1, is con- 
sidered preferable to an original expenditure of foar 
times the amount of capital ; showing either that the 
price of money is too high for such an investment, or 
that the contingencies of mercantile life are too great to 
allow the risk of so large a sum as the value of a copper 
boiler for the period required to reimburse the proprie- 
tor. Rich governments and individuals have not failed 
to profit by this knowledge ; but it may be noticed of a 
government which considers its tenure of office insecure, 
that it does not furnish even its war-steamers with cop- 
per boilers, as that would involve the expenditure of a 
large sum by which their successors would profit. So 
also the man who is shortened in means, but hopes to 
be rich enough by the time one boiler is done to get a 
new one ; or who does not know whether he shall be sol- 
vent so long as to see the boiler out ; or who, at any rate, 
cannot spare so much money at once—- procures at once 
the cheapest boiler he can ; and finds, as usual, that in a 
short time the expenses of coal and of repairs have drawn 
from him a heavier than the usurer's percentage* All 
this applies more peculiarly to steam-vessels. 

Another peculiarity of copper is the greater safety 
which arises from the uniformity of its texture. It is 
scarcely possible to account for the singular differences 
of sheets of iron that have passed nominally through the 
same processes of manufacture. One plate will become 
deteriorated by heat in half the time of another apparent- 
ly identical. The parts of the same plate are frequently 
heterogeneous. The consequences of this heterogeneity 

are serious, and sometimes destructive : a single plate in 

2 a 
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a series gives way, and, having broken the duuii of 
nexion, the whole fabric is destroyed ; or a latent 
developes itself in the place most difficolt to restore ; ar 
one plate, or a part of it, is bomt through when nil the 
rest remains sound. All this tells in favoor of cc^qper. 
The matter of the copper is very nearly homogeneons : 
its durability is nearly uniform if it is not made too duck. 
We have examined the part of a copper boiler exposed to 
most intense heat after years of action, and found, when 
the soot was cleared away, the smooth thining snrfiMe^ 
produced by the rollers in the proeesa of mamdiutnre^ 
remaining as perfect as the day after the hoiler wns 
started. In this case the metal waa no more thna 
eighth of an inch thick. 

There are some forms of boiler for which 
less suitable than iron. The strength of copper to 
flexure is not nearly so gpreat, especially at high 
peratures, as that of iron. A copper boiler 
fore be well stayed, and if there be round, or any 
unstayed flues in the boiler, they cannot be of 
than a foot in diameter without incurring danger ; dMj 
will readily collapse or bend. This caution in 
copper being given, it may be unhesitatingly 
mended in point of safety, durability, and 
nomy. 

In the treatise on Steam, we have already ftntrodtnil 
our readers to the important ezperimentnl 
of the Commission of the Franklin Institute in 
concerning the structure, phenomena, and esplorioHe ef 
steam-boilers. We shall, in another place, praanat Aa 
results of their investigations of the causes of 
But there is a branch of the investigation 
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by the committee, which is of importance to our present 
enquiry. It regards the strength of the materials of 
steam-boilers ; a subject not before satisfactorily ex- 
amined ; and relates more immediately to the effect of 
high temperatures on the cohesive attraction of the 
particles of metals ; an enquiry essential, to our know- 
ledge of the manner in which the known strength of 
metal, when cold, may be altered when, in a boiler, it 
is subject to the action of a fierce fire. The sub- 
committee to whom this subject was intrusted, were 
men of great practical skill and eminent scientific attain- 
ments. Professor Walter R. Johnson, Benjamin Reeves, 
£8q., and Professor A. Dallas Bache, were the members 
to whom the enquiry was committed ; and it has been 
carried on with a degree of judgment in its arrange- 
ments, and of precision in the experiments, which war- 
rant our implicit confidence in the results, and deserve 
our sincere thanks for the valuable additions made to our 
knowledge of this important and difficult subject. The 
importance of the branch of enquiry committed to these 
gentlemen, may be judged of from the following state- 
ment of its principal branches. 

1. What is the absolute tenacity of rolled boiler iron 
at ordinary temperatures, and how great the irregulari- 
ties to which it is liable ? 

2. A similar determination for copper boiler plates. 

3. What effect is produced on the tenacity of these 
boiler plates by change of temperature ? 

4. What is the effect produced on the tenacity of iron 
by various processes of manufacture, such as wire-draw- 
ing, hammering, or rolling into bars or rods ? 
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5. What are the comparative tenacities of holler plate 
made from different mixtures of crude iron and frona 
refined irons ? 

6. What is the comparative value of sheet iron manu- 
factured hy the processes of puddling, Uowing, and piling 
respectively ? 

7. What is the effect of piling into the same slabi 
iron of different degrees of fineness ? 

8. What is the comparative tenadty of rolled iron 
in the longitudinal, diagonil, and transverse directions of 
the rolling respectively ? 

9. What is the influence of frequently repeated iMat- 
ing on the plates of a boiler ? 

10. What relation exists between the foree that will 
produce a permanent elongation in boiler plate^ and that 
which will entirely overcome its tenacity ? 

11. What amount of elongation may the a efC ial 
kinds of metallic plates undergo before fracture ? 

12. What is the effect of rivets on the strength of a 
boiler ? 

These are some of the many important snbjeeta of 
experiment undertaken by the committee. They hare 
discharged the duties devolved upon them in n manner 
which is highly honourable to themselves, and wiuA 
reflects great credit on the institution and the comatry that 
has sent forth into the world so yaluable a eontribntitn 
to practical science. We regret that the limita of tta 
treatise will not permit us to enter into the ezperimenlal 
details and subsidiary enquiries connected with the 
tensive and laborious investigation ; detuls which 
always ingenious and instructive, and will amply r^ay 
the minute study of the mechanical philosopher or i 
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as a valuable body of experimental truth. But, although 
we cannot convey to our readers the pleasure we have 
enjoyed in the perusal of these interesting records, we 
should do them and our subject injustice did we omit to 
convey to them the general conclusions which have been 
obtained. 

Strength of Copper Boiler Plates. — The experiments 
upon this subject were very numerous. 32^ being taken 
as the standard, it was found that the increments of heat 
always caused a diminution of strength. Thus, a strip 
of copper, capable of carrying 10,000 lbs., was only 
capable of carrying 7,500 lbs. when heated to a tempe- 
rature of 500^ ; while at 820^ the same bar could support 
no more than a- tension of 5,000 lbs, and at 1200^, a 
visibly red heat in day-light, no more than about a tenth 
part of the strength remains. By these experiments 
the law which connects the diminution of cohesion with 
the increase of temperature has been accurately deter- 
mined, and it appears conformable to the following 
simple expression. 



(-0 (f)" 



when 

Log.rf'=-(Log. ^— Log. t) Log. d 

by means of which the diminution of strength having 
been ascertained for one temperature, it may be found 
for every other according to the following rule. From 
the logarithm of (j!) the temperature (reckoned from 
32°) of the diminution sought, subtract the logarithm of 
a given temperature, (/) and multiply three halves of 
the remainder by the logarithm of the known diminu- 
tion (</) of strength at the latter temperature, and the 
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prodoct is the logarithm of the required diminulm at 
the temperature assigned. 

The following table exhibits the dote acoordaaes of 
the experiments with this law. 

Table of Diminution of Strength of Copper Boiler 
Plates when heated. Their standard strength mt 32", 
being 32^00 lbs. per square inch. 





Temperature 


Diminution 




Tempentnre 


Dimmnticm 




above 3.:®. 


of Strength. 


9 


abov«3i«. 


<n Btraiffli. 


1 


90° 


0.0175 


66o» ; 


03425 


2 


180° 


0.0540 


10 


769« ' 


0.4996 


3 


270° 


0.0926 


11 


812** i 


0.4944 


4 


360° 


0.1513 


12 


880« 


0.5581 


5 


! 450° 


02046 


13 


984« 


0.6091 


6 


460° 


0.2133 


14 


low 


0.6741 


7 


513° 


0.2446 


15 


120(y» 


0.8861 


8 


529° 


0.2553 


16 


130a> 


1.0000 



We are, therefore, warranted in admitting the 
closion, that the square of the diminution of 
Taries with the cube of the temperature. 

Hence we learn, that between the tempeiatara of 
freezing and boiling water copper loses 5 per cobI of 
its strength ; that at 550° it loses about a qoarter of ila 
strength ; at 850° the half of its strength ; and aft 1890* 
loses all its strength, becoming a viscid, granolar, ooAi 
incohesiTO, substance; although it does not •TtmHj 
until it attains nearly 2000°. These ^( 
copper are strikingly at variance with the 
exhibited by iron at the same temperatures. 

In this substance the remarkable anomalj 
covered, that the additions of heat, *n^%^^ of 
the metal, as we should have expected, and as 
to be the case with copper, actually increased ita 
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SO that iron plate at 550^ above the freezing point 
was 16 per cent stronger than when cold. After this 
point the strength began to diminish rapidly, so that 
this point appears to be the tentperature of maximum 
strength. It was assumed as the standard strength, on 
both sides of which the strength was found to be dimi- 
nished both by heat and cold. The strength diminishes 
rapidly with 'increments of temperature, after passing 
the maximum at 570^ : thus, 



At 32<> to 80° the tenacity was 

At 570« 

At 720« 

At 1050° 

At 1240« 

At laiT* 

At 3000*' iron becomes a fluid. 



: 56,000 lbs. or l-7th below its, maximum. 
65,500 lbs., the maximum. 
55,000 lbs., the same nearly as at 32<>. 
32,000 lbs., nearly | of the maximum . 
22,000 lbs., nearly | of the maximum . 
9,000 lbs., nearly ]-7th of the maximimi. 



The following is a table of a series of these experi- 
ments. 

Table of Experiments on Iron Boiler-Plate at High 
Temperatures ; the Mean Maximum Tenacity being at 
550«> z= 63,000 lbs. 



Temperature 


Diminution of 


Temperature 


Diminution of 


observed. 


Tenacity observed. 


observed. 


Tenacity observed. 


550° 


0.0000 


824« 


0.2010 


570 


0.0869 


932 


0.3324 


596 


0.0899 


947 


0.3593 


600 


0.0964 


1030 


0.4478 


630 


0.1047 


nil 


0.5514 


562 


0.1155 


1155 


0.6000 


722 


0.1436 


1159 


0.6011 


732 


0.1491 


1187 


0.6352 


734 


0.1535 


1237 


0.6622 


766 


0.1589 


1245 


0.6715 


770 


0.1627 


1317 


0.7001 



The law of variation of the strength of iron and of 
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copper by temperature may be easily iUiutfsted by the 
following cnrves, of which the horiiontal ordiiutei are 
temperatnres, and the vertical attadun are diminntioiu of 
■treD^h. 

Rg. 228. 




1 1 1 lllliTp 

The temperatures are measured Atnn the origm A 
towards T. The total stren^h being = AX is 1000, Aa 
diminutioDB of strength are represented by the f 
of A X measured from A toward* X. Theaa ( 
represent to the eye very distinacly the c 
of the metala. The line for copper, linog from men at 
A, shows, by continual recession from its maximom A A 
the continual and regular diminution of itrength by 
increased temperature according to the lair all lailj 
stated. The line representing the iron, on the coDtniTi 
having its origin 15 per cent abore A, deacenda and 
shows an increase of strength until it reachee a *"»"ii wi 
about 500°, whence it suddenly rises, showing a vvy 
rapid diminution of strength op to 1000°, whan agam h 
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changes, turns outwards having a point of inflection be- 
yond which it may be carried to a great distance, while 
at last it becomes liquid between 2000° and 3000°. 

The next branch of the enquiry was, how the strength 
of iron is affected by the mode of its manufacture, and 
by the different states in which it is used, as in bars, 
in wire, or in plates, produced by hammering, drawing, 
or rolling. The following are the results of several ex- 
periments on the tenacity of different kinds of iron, at 
ordinary temperatures. 

r 0.333 
Iron Wire, diameter-? 0.190 

1 0.136 
Russian Bar Iron, .... 

English Cable Iron, hammer-hardened, 

English Cable Iron, 

Lancaster Co. U.S. 

Centre Co., U.S., .... 

Swedish Bar, .... 

Salisbury Com., U.S., 

Tennessee Bar, U.S., 

Slit Rods, 

Missouri Bar Iron, 

No. 1. Pig iron of a white fracture produces the 
most cohesive bars. 

No. 2. Pig iron of a lively gray fracture produces 
bars inferior to No. 1 by 1^ per cent. 

No. 3. Pig iron of a dead gray fracture produces bars 
inferior to No. 1 by 2 to 3 per cent. 

No. 4. Pig iron of a mottled fracture produces bars 

inferior to No. 1 by 3 per cent. 

2b 



84,186 lbs. 
73,888 
89,162 
76,069 

71,000 
59,105 
58,661 
58,400 
.58,184 
58,009 
52,099 
50,000 
47,909 
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A mixture of all the kinds produces ban inferior to 
No. I by 5 to 10 per cent. 

The difference between the strength of boiler-plate, 
cut lengthways and across, was found to be about 6 per- 
cent in favour of the longitudinal over the crosscnt. 
Stripes cut longitudinally sustained 63,947 lbs. 
Stripes cut transversely sustained 60,176 lbs. 
Stripes cut diagonally sustained 53,925 lbs. 

The specific gravity of iron boiler plate was found to 
range from 7.7922 to 7.6013, and to be at a mean yalne 
7.7344. 

The effect of repeated piling and welding was Ibimd to be 
a great increase on the strength of iron. The iron ghren 
in the preceding table, from the Centre Company's maoHi- 
factory, whose strength when rolled amounts to 58,400, 
was found to be so much improved by piling four ban 
and welding twice, as to support a mean of 59,247 lbs. 
and to be so homogeneous that the highest did not diAr 
from the lowest results by more than 3.4 per oent in 
the different specimens. Simple welding twice witbont 
piling, gave a result of 58,787 lbs. 

It has been thought that by welding together dif- 
ferent kinds of iron of different degrees of fineness, sad 
then rolling it out, a valuable boiler-plate miglit be 
obtained. This was tried, and the highest result gmve 
only 40,600 lbs 

The weakening effect of riveting is thus calcnlated 
from these experiments, being a diminution on the whole 
of ^ of the original strength. 

Strength of the stripe without riveting, • • 9S90. 

Strength of the remaining metal, deduct- 
ing rivet-holes^ ...•••!» 566S 
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Diminution of strength by rivet-holes, . • — 3628 
Strengthening eflFect of rivets, . . • + 679. 

The e£Fect of use and long exposure on the strength 
of boiler iron was found to be a great diminution of its 
strength, none of the specimens coming up to 50,000 lbs. 

The eflFect produced by the accidental overheating of 
a boiler, was found to be the permanent reduction of its 
strength from 64,000 or 63,000 lbs., to 45,000 lbs. per 
square inch, being about ^d of the original strength. 

The permanent extension produced on iron plate by 
weights much less than are required finally to overcome 
its cohesion, was a subject of careful examination. The 
extension began to take place in general when f ths of the 
breaking weight were applied, and sometimes when only 
^ths had been applied. The total extension varied be- 
tween i^th and ^th of the total length, and was greater 
in the longitudinal than the transverse direction of the 

bar. 

The following diagram of a fracture is highly instruc- 
tive. The elongation transversely is ^th of the original 
dimension, and the curve is ^th longer than the chord. 
The longitudinal direction of the fibres is in the line of the 
shortest dimension. It is evident that the diminution of 
the thickness, previously to fracture, must have greatly 
weakened the plates of the boiler. This boiler plate was 
taken from that part of the boiler immediately over the 
fire, and had burst where sediment had collected, and 
excluded the water from contact with the boiler, so as to 
allow it to get overheated. 

It is evident that the diminution of area at the point of 
fracture, which accompanies this stretching of the plate 
before fracture, must weaken the plate very greatly when 
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it is exposed to strains that stretch it modi bejonil fti 
initial length, this strain being about half die breaking 
strain due to the original thickness. This constrictian 
or thinning out of the plate is observed to take place 
mnch more in thickness than in breadth, and to amoiiBt 
'd iron to about I6J per cent of the whtde are*. It ia 
remarkable, that the constrictian was found leas in Iieet- 
ed than in cold specimens of iron, a result the rererae of 
thai which we should hare anticipated. Tlte fisetorea 
at high temperatures were found to take place anddenlf, 
and the surfaces of fracture presented appearmeea alto- 
gether different from those exhibited at low 
atures ; the peculiarity of the fracture at high 1 
atures being, that the section is smooth and flat ii 
of jagged, fibrous, and irregular, and that it takes place 
directly across the plate, and tapering off at an angle of 
45^; so that the separate fragments resemble " tke edgvi 
of two mortising chisels." One result which we dednee 
from the American investigation is, that boiler iron -an- 
not safely be trusted with a greater pressnre than Jth of 
>ts standard maximum cohesion. Snch are aome of tke 
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valuable facts elicited by this transatlantic investigation. 
The experiments should be repeated in this country upon 
the diflFerent species of our own iron ; and we have no 
doubt the subject will be taken up by some of those 
gentlemen who have prosecuted valuable researches on 
the strength of metals; into which, however, they have 
not yet introduced the element of high temperature. 

The increase of the strength of iron, with the increase 
of its temperature up to 570°, is a remarkable anomaly 
which should incite us to examine other metals, and 
metallic alloys, in a similar manner, for the purpos® 
either of resolving this phenomenon into some general 
law of corpuscular force, or of setting it aside as a cha- 
racteristic and distinctive property of that singular metal. 
To the practical man, this discovery is of importance, 
insomuch as it has shown him a quality in iron, as a 
material for boilers, which may weigh strongly with him 
when he hesitates in choosing. 

The comparative value of copper and iron boilers is 
materially a£Fected by this enquiry. The great advan- 
tages of copper are its durability, its high conducting 
power, and the value of the old materials. It is by no 
means so strong as iron, being, when cold, |ths of the 
strength of iron, and at 500° only about §ths of the 
strength of iron. But thin iron decays so rapidly, that 
its strength to-day is no criterion of its strength to- 
morrow : it decays so rapidly, especially with the salt 
water of steam vessels, that its very strength at first is 
necessarily followed with subsequent danger ; for an 
iron boiler having once borne a great pressure with 
impunity, will afterwards, when the rapid but unseen 
decay has insiduously eaten through the metal, be again 
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subjected to the same ordeal by which it had been for- 
merly proved ; and although under apparently the same 
circumstances, it may yield to the strain, and produce 
the distressing consequences of a violent explosion. It 
is time alone, then, that is the great enemy of iron 
boilers, while the integrity of the copper will continue 
unimpaired for a quarter of a century. On the whole 
we find that the following general result should limit our 
faith in the materials of boilers : — 

Standard strength of boiler plate, • - 55.000. 
Strength after riveting, . . . • §• 

Strength after heating and cooling in use, . §. 
Strain of permanent extension, . . . |. 
Greatest practical strength = f off -|- ^ = ^^ = ^nearly. 

The greatest practical strength being ^th of the abso- 
lute cohesion, and the greatest practical strength, to 
prevent explosion, being four times more than any boiler 
should be ordinarily worked at, we have ^ or ^ of the 
standard strength of boiler iron, as its ordinary working 
pressure-; 2,500 lbs. of extension on each square inch 
of cohesive action may, therefore, be assigned as the safe 
working strain of iron boilers. 

To a steam-engine boiler there are many appendages, 
contrived for the purpose of facilitating the regulation of 
the quantity of fuel or of water, the intensity of com- 
bustion, the elasticity of the steam. One of the most 
simple and essential of these is a water-gauge. TVater- 
gauges are of three kinds, glass-ganges, stopcock- 
gauges, and float-gauges. 

The glass-gauge is of two kinds, plane and tubular. A 
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plane glass-gauge consists simply of a small window in a 
boiler, of very thick glass, inserted at the place np to 
which the water should rise in the boiler. The tubular 
glass-gauge is a small pipe of glass about half an inch in 
the internal diameter, and an inch and a quarter in thick- 
ness. It is placed on the outside of the boiler, and com- 
municates at the top and bottom by stopcocks with the 
Interior of the boiler ; the higher stopcock enters the 
boiler among the steam, a little above the upper sur- 
face of the water, and the lower stopcock enters a little 
below the surface of the water, so that the water, stand- 
ing in the glass tube on the same level with the water in 
the boiler, shows itself in the glass tube to the attend- 
ant. These two gauges are shown in the accompanying 
drawings. 



Fig. 230. Fig. 231. 



Fig. 232. 





In figs. 230, 231, G is the window of very thick glass, set 
in a brass frame with a cement of red and white lead, after 
which, the frame is firmly bolted on the front of the boiler, 
at the aperture to which it is fitted, gg^ ^^. 232, is the 
tube glass-gauge, communicating with the water below 
and the steam above. There are shown in the same figure 
two other kinds of gauges. Ww is a tube open at both 
ends, regulated at the external termination by a stop- 
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cock, but passing into the boiler, so that the other end 
descends below the surface of the water in the boiler. 
Another gauge-tube S^ is of similar construction, and 
is placed higher up, so that the end S is open in the 
boiler among the steam. By this means the engineer 
has it always in his power, on opening these cocks suc- 
cessively, to determine whether there be an excess or 
deficiency of water in the boiler ; for the orifices of the 
tubes in the inside of the boiler are adjusted in such 
manner, that when the water is at the proper level, 
it covers the orifice of the lower one, but does not 
reach the orifice of the upper one. In this state steam will 
issue from the upper pipe, and water from the lower 
pipe ; but if it should be found that water issues from 
both, the water is too high, and if steam from both, 
there is too little water in the boiler. Another species 
of gauge is also shown in figs. 231, 232. It consists of 
a fioat A resting on the surface of the water in the boiler : 
to this is attached a chain, which passes over a pulley C, 
and carries at its other end a counterweight R« The 
pulley is fixed on an axle DD, which passes through the 
boiler and carries on its outer end an index. The index 
shows, by means of a dial-plate, the state of the water 
in the boiler. 

By these means, a careful attendant may always ascer- 
tain the state of the water in the boiler, with sufficient 
ease to enable him to regulate the supply of water thrown 
in, or the feed of the water to the boiler, so as to replace 
with cold water, the deficiency occasioned by the con- 
tinual conversion of the water into steam. But if 
by any cause the attention of the keeper should be 
directed from the examination of the state of the boiler. 
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it will gradually become emptied, and will either be ex- 
ploded or burned out, from being made red hot. Va- 
rious contrivances have been attempted for the pur- 
pose of rendering boilers automatic; so that the very 
fact of the water becoming low in the boiler should of 
itself be the means of furnishing a fresh supply. The 
manner of accomplishing this is somewhat di£Ferent in 
different circumstances ; but the following methods are 
the most common and the best. 

A self-regulating feeding apparatus may be adapted to 
the boiler of a low-pressure steam-engine, in the following 
simple way. The water that is to feed the boiler, is to 
be conducted into a reservoir v 
r, of some 18 inches diameter, 
having a long pipe to lead down 
from it to the bottom of the boiler. 
The top of this pipe is closed by 

a tapered plug which hangs by 

the rod v r, from a lever sup- 

ported at f^ and having two 

weights, one at either end, W 

and w. The larger weight 

W9 of stone or cast iron, rests 

on the surface of the water 

in the boiler, and is counter- 
poised by a smaller weight w 

in such a manner, 4hat a part 

of the weight W is sustained by 

the water; therefore, whenever 

the water in the boiler falls be-^^^^^^^^ ^=^=^^. 

low the proper point, the weight ^ ^■■-^--— — ilvJr" 

W pteponderates, the arm L of 
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the lever is pulled down by the wire W L, which passes 
steam-tight through a stuffing box at s, the end of the 
lever / ascends, and the valve v being withdrawn, allows 
the water to descend through the open end of the pipe, 
and replenish the boiler ; and after a time, when the 
supply has become sufficient to raise the water to its 
proper level, the weight W, and the end L of the lever, 
are raised, the opposite end / is depressed, and the valve 
V once more closed, until a further supply has become 
necessary, when it is given again in the same manner. 

This self-acting valve is sufficiently efficient when the 
boiler is of low pressure, or when the reservoir is more 
than two feet two inches high above the surface of the 
water for every pound of pressure per square inch 
of the boiler. But it very often happens that the 
boiler is fed with cold water in a different manner: 
a force pump is attached to the steam-engine, by which 
each stroke of the engine sends back into the boiler 
a quantity of water equivalent to that which has 
been evaporated out of the boiler in forming the 
volume of steam which has given to the engine motion 
through that stroke by which the pump has been 
impelled. Now, if the size of the pump were accurately 
proportioned, so as to replace in the boiler at each stroke 
the precise quantity of water evaporated from it in the 
same interval of time by the engine, it is evident that 
no further provision for adjustment would be necessary. 
This quantity is exactly one cubic inch of water for 
each cubic foot of atmospheric steam given to the 
engine, or one cubic foot = six gallons per horse power 
per hour. But the evaporation of the water to a steam- 
engine is not thus uniform, nor so easily determined. 
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The variations of intensity in the fire cause steam more 
or less dense to pass over into the engine; the steam 
now raises the safety-valve and escapes into the air, and 
now falls helow the standard ; the holler, now tight, and 
again allowing water and steam to leak through its 
joints, consumes a greater or a less quantity of steam ; 
and thus, even with this automatic supply, there is 
required a regulating or governing power. A stopcock 
is attached to a pipe hy which the feed-pump ohtains 
its supply of water to force into the hoiler, and so, 
hy impeding or facilitating the passage of water into 
the hoiler, the attendant may regulate the supply. We 
have said that this cock is attached to the pipe hy which 
the pump ohtains its supply of water, and not to the 
pipe hy which the same pump forces its contents into the 
hoiler it is ahout to supply ; and we have done so for this 
reason, that it is dangerous to apply such a stopcock on 
the pipe between the pump and the boiler, because, if 
the force-pump become once filled with water, and be 
forced down by the engine when the stopcock is wholly 
or nearly closed, the pipe will be burst from the incom- 
pressibllity of the water, unless its valves should be so 
leaky as to allow the water to pass back into the reser- 
voir from which it has been withdrawn. As, however, it 
is sometimes desirable to have the regulating cock on 
the boiler feed-pipe, the following provision is made to 
render that method of regulation safe and efficient. Be- 
tween the feed-pump and the boiler, fig. 234, there is in- 
serted, in^connexion with the feed-pipe F, at any point V 
beyond the valve ]^of the pump V^ which prevents the 
return of the water into the pump, a loaded escape* valve 
V ; its load W being so adjusted, that whenever the regn- 
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lating stopcock R is turned so as to impede the passage 
of water towards the boiler B, the force of the feed- 
pump pushes the water up against the loaded valve V, 
and by it escapes through the return pipe r r r into the 
reservoir of supply H, again to be brought back into the 
pump when required for the future supply of the boiler. 
Still, however, this apparatus depends in some mea- 
sure on the adjustment of the regulator-valve R by an 
attendant ; and contrivances have been invented to ren- 
der this also automatic. In the boiler, and on the surface 
of the water, is placed a weight W, 
with a partial counterpoise Wy so as 
to rest on the surface of the water. 
From the point m a small rod passe 
downwards and up again, through 
the feed-pipe L / to the point V, 
where a conical valve or plug V 
opens the communication with the 
feed-pipe F F and the water of the 
boiler when it is raised, and shuts it 
again when depressed. Now, when the water is abundant, 
the weight W floats high, and keeps down m and V ; and 
when low, W descends, and raising m and V, admits the 
required supply into the boiler without any assistance. 



Fig. 235. 
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Where a high-pressure holier is used for purposes in 
which a steam-engine is not employed, detached self- 
acting feeding apparatus must be employed. The fol- 
lowing elegant and most effective apparatus has been 
invented by Mr Macdowall of Johnstown, and is now in 
extensive use in Scotland. We have seen it in an effi- 
cient working state, after being employed for many years, 
and it only costs about £20. It is nothing less than a 
small steam-engine, but it is applied in a most effective 
and simple way to the purpose designed. 




Fig. 286. 



Fig. 237 





A very simple feeding apparatus, on a similar principle 
was adapted some years ago to the purpose of feeding a 
boiler without the assistance of a steam-engine. A close 
vessel or reservoir is placed above the level of the 
boiler, and is in communication with the water i 
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boiler through one pipe, and with the wifeer to be 
plied to the boiler through another ; a third smaD pipe 
connects the steam-chest of the boiler with the top of 
the said reservoir. All these pipes being dosed by 
moveable regulators or stopcocki, the attendant is firrt 
to open the steam communication^ that the reserroir msj 
be emptied of air and filled with steam, and the stopoo^ 
18 then shut. In the next place, the oommunicadon with 
the cold water to be supplied is opened, and the 
voir on getting cool becomes Tacaons, so that the 
sure of the atmosphere fills it with cold wnter, and the 
communication is then cut off. Lastly, the tldid slap 
cock is opened, and the water in the resemHr Iwiiag 
free communication with the water in the bmler, it is 
only necessary to open the steam-cock onoe mora, and 
the water, being in equilibrium by the pre aeiue ef Ihs 
steam, will run freely, by its own p r e ssure ^ 
height above the boiler, into it ; and the prooeaa 
nately filling and emptying the boiler may be 
as often as required by turning the oocks in 
cession. A simple process renders all these Talvea 
acting. 

Fig. 238. Fig. 280. 
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The reservoir, fig. 238, is a close vessel above the boiler 
B ; R r is the cold-water pipe, by which the water is 
obtained, and is regulated by the stopcock r \ Y f is the 
feed-pipe for the boiler, regulated by the stopcock y*; S s 
is the steam-pipe opened by the stopcock s. In the next 
figure, there is a balanced float on a pivof o, and a slit bar 
h connecting a small slide-valve s with a pin on the float 
bar ; r is a common ball valve, acting only upwards ; 
and in F is a valve permitting the descent of the water 
in the pipe F^ and preventing its return. The latter is 
of the self-acting form, of which the action once begun will 
continue indefinitely. A commanding valve being con- 
nected with the boiler-float, would render the play of 
this apparatus dependent on the requirements of the 
boiler itself. The reader who is acquainted with the 
steam-engine of Savary, will perceive at once that this 
reservoir, with its apparatus, is a mere Savary's steam- 
engine, applied to pump water into the steam boiler ; and 
that this application of that engine is not liable to the 
objection urged against it in other circumstances, namely, 
that the water is heated as well as raised. In this in- 
stance, the communication of heat is attended with no 
loss. 

Indices of pressure and safety apparatus, form an im- 
portant series of appendages to a boiler. These are of 
four kinds ; dynamometers, safety-valves, fusible plugs, 
and alarms. 

The dynamometer, which is generally applied to mea- 
sure the force of steam in a boiler, is a simple tube, 
bent upwards at the end, and formed sometimes of glass 
and often of iron. The two ends of this tube being curved 
Qpi 80 as to give it the form of the letter U, one of these 
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extremities is applied to the boiler, and placed in eom- 
munication with the steam ; mercury is poared into tbe 
tube, so as to fill one-half of it, and tbe pressure of tbe 
steam upon one of the extremities Figs. 240, 241.Fig^42* 
of the column of mercury, fore e 
the mercury to ascend in the 
other, and to indicate, on a divided 
scale, the amount of pressure, 
which is about one pound on tbe 
inch for each inch of height on 
the scale. It is necessary, in all 
these mercurial gauges, that tbe 
tubebe ofequal diameter through- 
out its length. If the tube be of 
iron instead of glass, it is neces- 

sary that a float of wood, or iron, or irory, figure 240^ 
resting on the top of it, should ascend aboTe the tobe, —mI 
indicate on a scale tbe place of the mercorj. For 
high-pressure boilers a longer tube and scale arOy of 
course, necessary ; and a very conyenient form for this 
purpose is given in figure 242. From a float rinsling on 
the fluid stretches a string carrying a conntevpoiae at dbe 
other end, and passing over a pulley raises or 
the index of a valve on which the pounds of 
are indicated by tbe inches of tbe scale. 

Another very convenient index of pressure, preferaUe 
to any other with which we are acquainted, is the pittse 
gauge. A tube of small diameter, two or three indei^ 
is bored truly cylindrical, and attached to the wtmm 
chest of the boiler, figure 243. This cylinder has a solid 
plug or piston truly turned, and ground exactly, bat aoC 
loosely, into it. Tbe pressure of the steam beaii^ ap 
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Fig. 243. 



Fig. 244. 
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the piston on the lever, one end of which is attached to 
the spring indicator, gives the true indication of the 
pressure on the piston. The spring is also applied di- 
rectly ahove the piston, as shown in the second figure; 
hut this instrument is used on a smaller scale than the 
other. The ordinary safety-valves are described in an- 
other part of this treatise. 

There is a species of safety boiler apparatus in which 
great faith has been placed by many mechanicians and 
men of science. It has been proposed and enacted 
that boilers be furnished with fusible plugs, or that, in 
parts of a boiler exposed to high temperature and 
pressure, there should be placed plugs, forming small 
parts of the boiler, which plugs being composed of 
metals easily melted, shall give way when by acci- 
dent too great pressure and heat have been employed 
and so, by a less evil, prevent the greater one of total 
disruption of the boiler. This method of creating a less 
evil to avoid a greater, has lately been shown to be 
fallacious, and ought to be abandoned. For the com- 
plete exposure of the inadequacy of the system of 
rodelles ftisibles, we are indebted to the Committee 

of the Franklin Institute, already so often named with 
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gratitude. ' The American experimenters foand, that 
when alloys of tin, lead, and bismuth are applied to 
steam boilers in the way recommended by the Commis- 
sion des Rodelles Fusibles, the alloy does not melt in 
the manner of an homogeneous metal, as has been sup- 
posed ; but that, in fact, the more fusible metal melts in 
the minute cells of the less fusible metal, long before the 
whole mass becomes liquid ; that the minutely divided, 
but more obdurate metal, forms a grating, or rather 
sponge, in which the other lies melted, so that when 
the temperature of the steam rises to melt the first 
metal, the pressure of the steam gradually expels the one 
metal out of the meshes of the other unmelted metal in 
globules, in such a manner, that the plate at last consists 
merely of the one unmelted metal, the other baring, by 
repeated heatings, completely exuded from it, and been 
replaced by such particles of debris as the water of a 
boiler in common use always supplies in abundance. 
Thus, a plate of two metals, originally designed to give 
way at 250°, may still deceive the unconscious attendant, 
and withhold its warning till it have reached a temper- 
ature of 500®, and contain a combination of caloric and 
water as dangerous as gunpowder, and greatly more 
treacherous. 

The following experiment will illustrate the whole of 
this enquiry. A plate of alloyed metals, of which the 
melting point in the crucible was about 260°, was sub- 
mitted to heat under pressure. Such a plate would be 
applied to a boiler, of which the temperature was not 
designed ever to exceed in the most extreme case one 
atmosphere, and of which the usual working pressure 
would not be more than 5 or 10 lbs. It was found that 
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at 256* small particles of melted metal began to ex- 
ude from the cells of the unmelted metal ; the globules 
thus driven out were carefully examined, and found to 
be fusible at 222®. At 260*, a second portion exuded, 
and their dross were found to melt by themselves at 
232*. At 270°, the remaining metal was still tenacious, 
and was not burst until the steam reached a temperature 
of nearly 300°, with an explosive force of three times 
that at which it should have given warning by fusion, 
and the escape of water and steam, from the small aper- 
ture it had filled. This last residual porous plate of 
metal was found not to melt until it reached the temper- 
ature of 345° instead of 260°. << These experiments the 
Committee (properly enough) deem conclusive, in regard 
to the use of fusible plates in the ordinary way; and 
they conceive that substituting fusible plugs of greater 
thickness, say half an inch, as has been directed by a 
recent ordinance in France, would not serve as a remedy 
to the defect thus exposed." 

The true remedy for this evil was the next object of 
the enquiries of this excellent Committee. They pro- 
perly inferred, that the fusion of an alloy of metals at a 
given temperature was only to be depended on when it 
was not exposed to the mechanical action of steam, that is, 
when not exposed to its pressure, but only to its temper- 
ature. << The true remedy is to be sought in enclosing 
the fusible metal in a case, in which it shall not be ex- 
posed to the pressure of the steam ; so that the more 
fluid parts of the metal shall not be exposed to being 
•forced out of the mass, but the whole become fluid, as if 
exposed to heat in a crucible." With this view of the sub- 
ject, trial was made of an apparatus described by Pro- 
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fessor Bache, in the Journal of the Franklin Institate 
for October 1832, under the title of <<An Alarm to be 
applied to Steam Boilers/' 

The construction of Professor Bache*s alarm is suffi- 
ciently simple. << A tnbe of iron or copper, according 
to the material of the boiler, closed at the lower end, 
passes through the top of the boiler, its closed end reach- 
ing the flue to which it is attached. This tube, it will 
be observed, a£Pords a ready access to the flue to ascer- 
tain its temperature, without any restraint from packing. 
A mass of fusible metal placed at the bottom of the tube 
will become fluid very nearly as soon as the flue takes 
the temperature of its fusion. To show when the metal 
at the bottom of the tube becomes fluid, a stone is at- 
tached with a cord and weight, or with a lever and 
weight. The weight and longer arm of the line, de. 
scending, may be made to ring a bell, or turn a cock, or 
open a valve, permitting just pj^^ 245, 

enough of steam to issue, to give ^^ ^ 

the alarm. A projection on the 




lower end of the rod prevents V^jf IT 1 



it from being drawn from the . I 

metal until this latter is fused, ' " 

and by widening the lower part of the tube the metal is kept 
from being drawn out by the rod. BB, fig. 24f5, is part 
of the boiler plate ; m the fusible metal in a tube ; r the 
rod to which it is, as it were, soldered, and when the 
metal melts, the weight W will descend and give the 
alarm, either by striking a bell, opening a steam whistle 
or trumpet, or raising a valve. This apparatus of Pro- 
fessor Bache*s is a valuable addition to the mechanism 
of steam. 
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Fig. 246. Fig. 247, 





The common alarms, 
the steam whistle, and 
the steam trumpet, may 
be made to give noisy in- 
dications of an excessive 
pressure of steam. A 
small box on the steam 
chest is to cover a lock- 
up safety-valve, loaded at 
the highest pressure the 
boiler should endure. On this box is to be placed a 
steam whistle or a steam trumpet, so that an alarming 
noise will be the consequence of any excessive pressure ; 
for the steam issuing through the aperture of the instru- 
ment will give it voice with an intensity proportioned 
to the pressure. 

In figs. 246, 247, a steam whistle is represented. A a 
is a tube leading from the boiler; in it is a stopcock. 
On the top of the tube is a hollow piece bb, surrounded 
by a thin cup cc, and carrying, by a pillar fixed on its 
top, another inverted cup E. When the stopcock is 
opened, the steam enters the cup cc through holes in the 
foot of the hollow piece bby and rushing out at the nar- 
row orifice ddy between the cup c and the hollow piece, 
strikes on the edge of the cup E, and produces an ex- 
ceedingly loud and shrill sound. No stopcock is, of 
course, required when this alarm is placed on the box of 
a safety-valve, in the manner stated above. 

On the Proportions of Boilers, — That a boiler when 
constructed shall be capable of generating a sufficient 
quantity of steam, without burning an excessive quantity 
of fuel, without incurring an excessive expense in con- 
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straction, and without endangering the dormbility of the 
metal, subject to the intense heat of the fire, if a prolH 
lem of engineering of some difficulty, especially when il 
is attempted to obtain a maximum of effect at a nuni- 
mum of means, whether the minimum desired be that of 
weight, bulk, or expense. There are some simple rules 
deducible from the best practical results that haTe come 
under our examination. 

The quantity of water to be eraporatad in a commoa 
steam-engine, is generally reckoned at one cubic foot an 
hour for each horse power. But if allowanoe be made 
for accidental leakage of the boiler, for blowing off at 
the safety-valves, for priming, and other accideatik *■ 
addition of one -fifth part may be provided for. Tb« 
standard for calculating is, however, one cabie foot of 
water for each horse power. 

The area of the grating in the fomace on whidi tfce 
fuel is laid, is an important element of effidencj in a 
steam-engine boiler. Here practice somewhat Tarisa. 
The bars are generally about one inch wide on the 
top, and the interstice from ^ to -^ an inch. Tkse 
apertures supply oxygen to the fnel| and rei^olate the 
combustion, which is only perfect when the mpiply if 
air to the incandescent fuel is ample. It is Ibimd Atf 
a supply of air, such as will pass through each snnws 
foot of the area of the grate of the fire, is adeqoate It 
the effectual combustion of so much fuel as wiD, iaa 
proper boiler, evaporate one cubic foot of water 
and supply one horse power in a steam-engine. 
a fire grate 6 feet long by 6 feet wide, 
6x6= 36 square feet, is found to gpve an ample 
ply of air for the combustion of as much fiul as wfl 
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supply an engine of 36 horse power, evaporating 36 
cubic feet of water an hour. But although this is a safe 
and excellent proportion for ordinary practice, yet it has 
been found, that with a quick draught a smaller amount 
of fire surface is adequate to the eflFect required. So low 
a proportion of fire grate as f ds of a foot, and even ^ of 
a square foot to each horse power, has been employed 
by eminent engineers, and has succeeded, while others 
recommend a much larger allowance even than one 
square foot. It is certain that the larger area of fire- 
grate is conducive to economy and durability. The 
standard of surface is, therefore, to be taken at the most 
desirable proportion, and only to be deviated from where 
limited space, as in locomotive-engine and steam-ship 
boilers, renders this rule inapplicable. This standard is 
one square foot of area of grate for each horse power. 

The next condition on which the success of the boiler 
problem depends, is the extent of the surface of the 
boiler acted on by the fire, so as to apply its heat to the 
water. This is also a subject on which practice varies 
widely ; so widely indeed as from 8 square feet to 36 
square feet per horse power. Eight square feet re- 
quire a clean thin copper boiler, and a very direct 
impact of the hottest part of the flame, with the loss of 
a portion of the heat ; but 36 square feet, on the con- 
trary, imply the possession of profuse space, and a 
desire to economise to the very utmost the powers of 
the fuel. The standard of practical efi^ct with the usual 
iron boilers, in ordinary circumstances, is fifteen square 
feet of heating surface for each horse power. 

Of this surface, about one-third is horizontal, and two 
thirds are vertical surface ; and of these, the horizontal 
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surface is imagiDed to be twice as effectiTe as the Tcrti- 
cal surface. Arguing on this supposition, acme hare 
gpyen it as a rule to calculate ecLch vertical foot om cmly 
half an effective foot of heating surface, and ao to make 
nine or ten square feet of effective heating smface the 
standard of boiler power. But this rule, thougli giTing 
the same result as the former, proceeds on a suppo- 
sition not yet established, and which does not always 
coincide with the fact. It will be easily seen that 5 
feet of horizontal surface, added to 10 feet of rertical 
surface, making, according to the one mode of adcnla- 
tion, 15 feet of surface, divided in the propartion of two- 
thirds vertical and one-third horixontal snrfiiee^ foms an 
exact equivalent to the other mode — of reckoiuii|^ the 10 
feet of vertical surface only equal to 5 effiecdTe feel of 
surface, and adding to the said 5 eflEective feet of nrfiMe 
the 5 feet of horizontal surface, making in all 10 ftet 
called effective feet of heating surface. 

The next essential consideration is the eraa ef the 
chimney and flues. It has already been giTen as a 
standard, that the fire grate should have the ana of one 
square foot for each horse power. Now, thia uenftr 
the admission of air should be accompanied with a soff- 
cient passage to carry off the gaseous prodoeti^ aad hst 
air and flame resulting from combustion. 
examination of the best boilers, it appears to vm 
that one-fifth of the area of the fire grate, gmdoaDy 
diminishing to a chimney, which shall have one-tenA sf 
the area of the fire grate, is an excellent proportioii, Ws 
therefore feel disposed to recommend it as a standard tm 
steam-engine boilers : one-fifth, diminished at tha 
ney to one-tenth part of the area of fire grate. 
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The chimney should be of the same diameter through- 
out its interior ; and if of 40 feet height and one-tenth 
part of the area of the fire grate, it will give an abundant 
draught. If the height of the chimney be greater than 
this, the area may be diminished as the square root of 
the height is increased. 

The quantity of water to be contained in a boiler is a 
matter of some importance. If we consider bulk and 
weight as of no consequence, and if the boiler be in con- 
stant work, there cannot, perhaps, be too much water. 
On the contrary, if there be only a small quantity, many 
evils are encountered. In the first place, a large mass 
of water serves to regulate the production of steam from 
a boiler, much in the same way as a fly-wheel regulates 
the speed of an engine ; whereas with a small charge of 
water, the unavoidable oscillations that happen in the 
supply of cold water or the additions to the fire, make 
sudden and injurious changes in the production of steam. 
In the next place, it is well known that steam is a 
very bad conductor of heat, and has a single capacity in 
it9 gaseous state for the acquisition of caloric. Hence it 
is found that if the production of steam be rapid, and the 
water present in a smaller proportion, the caloric is not 
carried ofi^ from the metal heated by the fire sufficiently 
fast, the boiler is overheated and rapidly deteriorates, 
while the production of steam is greatly retarded. For 
these reasons, it is necessary to have a large supply of 
water. Eight to thirteen cubic feet are very commonly 
allowed, by practical men. As a standard, or perhaps as 
a minimum, we may assign for the quantity of water in 

the boiler, in its mean condition, ten cubic feet of water 
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in the boiler for each horse })ower. In like manner 
we will do well not to leave a smaller proportion of 
capacity in a boiler for containing steam than the quan- 
tity assigned for the water, being ten cubic feet of steam 
in the boiler for each horse power. 

Economy of Fuel in Steam 13oilers.-^The ordinary 
consumption of coal by one of Mr Watt's engines is 
10 lbs. of fuel for each horse power every hour. 
The work done by this fuel is equivalent to the power 
of raising 150 lbs. 220 feet high in a minute, or of 
raising 220 times 150, that is ('^20 x 150 = 33,00.) 
33,000 lbs. one foot high, or any equal product of 
mass by height in every minute, by the combustion of 
10 lbs. of coal ; or 3,300 lbs. of weight raised one foot 
high every minute, which gives in every hour 198,000 
lbs., raised one foot high, by the combustion of one Ibt 
of coal. This, however, by care and economy, is often 
exceeded by Mr Watt's engines ; and the following are 
about the standards of work done at a given expendi- 
ture of fuel in ordinary engines, which is called the 
Duty of Steam-Engines. 

The Duty performed by Ordinary Steam-Engines is — 

One horse power exerted by 10 lbs. of fuel an hour. 

Quarter of a million of lbs. raised one foot high by 
one lb. of coal. 

Twenty millions of lbs. raised one foot by each bushel 
of coals. 

I'he constant aim of engineers is to increase the 
amount of this duty ; in other words, to make a leas 
quantity of fuel than 10 lbs. do the work of one horae, 
or to obtain a greater duty than a quarter of a million 
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of lbs. from one lb. of fuel, or more than 20 millions of 
duty from a bushel, or 84 lbs. of fuel. To such an extent 
has this e£Port been successful, that one cubic foot of 
water has been converted into steam capable of exert- 
ing one horse power by the combustion of less than 
5 lbs. of coal ; and this steam has been so managed in 
the engine as to raise one million of lbs. one foot 
high by one lb. of coal, and in one case 125 millions of 
lbs. by a bushel of coals was the duty obtained in Corn- 
wall. Of these improvements part is due to the 
economy of steam in the engine itself, and does not 
come under this head. That part, however, which is 
the result of economy in the boilers, deserves our atten- 
tion here. 

By a series of experiments, carefully conducted or 
collected, and ably discussed, by Mr Parkes of Warwick, 
the statistics of steam-engine boilers have been placed 
in an aspect sufficiently clear to enable us to deduce 
some general results of considerable economic import- 
ance. These experiments are contained in the table at 
the end of the volume. 

The observations contained in this table are made 
upon three great classes of boilers; the Cornish high- 
pressure boiler, L to IV. ; the waggon boiler and com- 
mon low-pressure boiler, V. to XIV.; and the locomo- 
tive-engine boiler, XV. and XV f. The waggon boiler, 
v., was treated at Warwick in a peculiar manner by 
Mr Parkes himself, who is the advocate of a peculiar 
system of management, by which very slow combustion 
of the fuel is produced. 

The Cornish boilers, I. to IV., are distinguis^hed from 
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the common boilers, both in constroction and treatment. 
The surface which they expose to the fire is enormooa, 
being four or five times as great as the standard of nanal 
practice, as we find in I., where 34 horse power has 
a surface of 2600 feet, and in II., where 48 horse power 
has a surface of 3170 feet exposed to the fire. Thu 
species of boiler is invariably cylindrical, and trarersed 
longitudinally by cylindrical iron fines. It is also sur- 
rounded by external fiues, except on the upper surface^ 
which is placed under a roof, and enclosed to a consider- 
able depth in sawdust, or other non-conducting matter. 
The cicfuit which the fiame and hot gases perform, in 
contact with the fiues, is about 150 feet long. Tlie 
treatment of the Cornish boiler is as peculiar as its 
structure ; fur, instead of a strong draught, a tall ekimney, 
and an intense fire, the fuel is laid on in large masses ; it is 
allowed to cake and to consume very slowly, while its 
products pass up the chimney, after haying paid a Im- 
surely visit to the two or three thousand feet of ebsoib- 
ent heating surface that surround its long and dreoitoaa 
passage towards the open air. Very perfect c m nbu st ion 
!s obtained by the thorough combination of the ozygeii, 
and the ample time permitted for the commnnicatioii of 
the heat thus developed. Durability in the nuiteriab 
used, economy in the fuel employed, and increase ef' 
useful effect, are obtained by the Cornish constmetioB 
and usage, to an extent that excels every otlier mode 
of generating steam with which we are acqnainted. 

The economy of the Cornish boiler and its causes may 
be estimated by comparison with the standards we bare 
already given of very ordinary practice. 
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CONDITIONS. 


ORDINARY 
STANDARD. 


CORNISn 
BOILER. 


Area of fire grate in square feet 

Area of heatiner surface in. do* 


1 
15 

60 ft. 

10 lbs. 

10 lbs. 

6 lbs. 


2 

60 to 70 
150 ft, 

5Jlbs. 

2|lbs. 

lit lbs. 


Circuit of heat * *• •• 


RESULTS. 

Fuel per horse power per hour 

Fuel consumed per hour per ft. of grate 
Water evaporated by each lb- of coal. 



The few selections from the valuable magazine of 
practical facts presented in this table, serve to show how 
much is to be gained, even without the assistance of new 
inventions, by judicious construction and treatment of 
ascertained and practical kinds of boilers and ordinary 
fuel. A saving of 50 per cent over ordinary practice 
is gained in Cornwall by large fire grates, thick fires, 
slow combustion, internal flues, extensive fire surface, 
and external coverings. He who desires to improve 
the construction or management of his boilers, has only 
to fulfil the conditions that are now brought under his 
attention. 

The common waggon boiler stands contrasted in all 
points with the Cornish boiler. Yet it is cheering to 
see how much advantage may be gained by judicious 
construction of fire grate, and a proper system in 
managing the fire, as is shown in Mr Parkes*s experi- 
ments on his boiler at Warwick. The only peculiarities 
of the Warwick treatment appear to have been a large 
fire grate, 1 1 square feet to the horse power, and slow 
combustion ; the high result of 10 lbs. of water evaporated 
by each pound of fuel, and the economical result of only 



318 THE STEAM-ENGINE. 

6 lb9. of fuel to each H.P. per hour, appear as the re- 
ward of this treatment. 

Tlie locomotive-engine boiler is in every point con- 
trasted with the Cornish boiler. To poraue this part 
of tlie investigation more minately than its exliibition 
in the table, would not coincide with theohjects of thi« 
section. 
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Aerial matter, exemplars of, 4. 

Air, Hero's dissertation on the properties of, as a medium for the 

communication of pressure and motion, and upon the nature and 

effects of a vacuum, should be thoroughly understood by all who 

would master the theory of the steam-engine, 9. 
Air-pump, representation of the, 225. 
Alarms to be applied to steam-boilers, a description of Bache's, 

308. Account of the common, 309. 
Albion mill, a description of Watt's double engine at, 133. 
America, the high-pressure engine commonly in use there, 139. 

Description of a species of parallel motion first adopted in, 206. 
Ancients, the knowledge which they possessed of the constitution 

of steam, in accordance with the most recent conclusions, 4. 

Knew more of the phenomena of steam than has been generally 

admitted, 7. No specific term equivalent to the word " steam'* 

was generally used by them, 7. 
Archimedes, his works, and those of Hero, formed some of the 

most popular productions of the art of printing, 16. 
Armstrong's treatise on steam-engine boilers, 262. 
Atmospheric apparatus for raising great weights by a vacuum 

under a piston, description and operation of, 54. 
Atmospheric steam-engine, 61. Rendered a self-acting power by 

Newcomen, Potter, and Beighton, 82. Improved by Smeaton. 

83. Experimental engine by Smeaton, and results, 84. In the 

hands of Watt became wholly a Steam-engine, 95. 

Bache's alarm, to be applied to steam-boilers, a description of, 308. 

Beighton's improvement of the steam-engine by making the piston 

air and water tight, 61. Further improvements, 62. Experi- 
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ments on the waste of water in the {nrodnctioii of steui, 78. 

Improvement of the eng^e of Newcomen^ 77. 
Boilers. Vide Steam-engine boilers. 

Bolton and Watt*8 flue for heating steam-engine boilers^ 272. 
Branca*8 application of steam to impress a reyolTiiig motioii, 20. 
Bruners improvement in the i^pplicaUon of <me crank to two 

steam-engines, 198. 
Backle's pnemnatic pump a sobsUtoto for the fly-wfaeel, IM. A 

description of, 185. 

Caird and Co.*s safety-valTe, 168. 

Cartwright, description of a parallel motion inTonted bj, 207. 

Caus, (Salomon de,) his exposition of the prinoiplea of hjdroita- 

tics and pneumatics, 18. 
Cawley and Newcomen*s atmospheric gt<aiiMmgin»j 51. IinproTo. 

ments on Savary's engine, 59. 
Chasewater engine, the most magnificent of Smoton't woria la 

this department, description of, 90. 
Chimney and flues, the area of the, for 8team4ioikny 812. Tlio 

diameter in proportion to the area of thegrato^ 818. 
Coal, the consumption of, in one of Watt's engiaei^ 814. Qoib- 

tity of steam produced by a given weight of, 816. 
Cold well, representation of the, 225. 
Condensation, Watt's method of dry, 226. 
Condenser, or refrigerator of Watt, the chaneteriatie neaibcr of 

the modem steam-engine, 107. 
Condensing apparatus, description of the, 223. 
Condensing steam-engine invented by Captidn Thomaa 8 »vr y» 

28. Savary's description of, 40. The low- pi ' cw ure known to 

Watt long before the non-condensing or Mgh-pumma WM 

invented by Evans, 139. 
Connecting rod, a parallel motion, definition of the eon n ec tfa g' rod^ 

198. Uses of, 109. Watt's, 200. Species of, firrt adopted in 

America, 206. Cartwright's, 207. FentoDy Ifnm^f and 

Wood's, 209. Oldham's improvement of, 212. 
Copper, the best material for steam-engine boileny 28(K Eipe- 

riments on the strength of, by the Franklin inatknte^ 286w 
Cornwall steam-engine boiler, distingnialdng featnree of thi^ 816. 

Saving of fuel by the, 317. 
Cotton mills and manufactories first impelled by 8avarj^ 

densing steam-engine, 47. 
Crank (The), a most important appendage of the 
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181. As an elementary machine in use from the earliest times> 
181. A definition and description of a, 182. The fly-wheel 
improves the action of, 184. Bruners application of the, 198. 
Cycloidal parallel motion invented by Fenton, Murray, and Wood. 
Description of a, 209. Oldham's improvement of, 212. 

Delivering valve, representation and description of the, 225. 
Desaguliers' account of Savary's invention of the condensing 

steam-engine, 30. Experiments in producing high-pressure, 31. 

Estimate of the comparative density of water and steam, 73. 

Diagrams and description of the steam-engine as it existed in 

his time, 77. Form of a steam-engine boiler described, 264. 
Discoveries in the properties of steam, the progress of the, 1. 
Durham and Newcastle coal fields have the rudest, most antiquated, 

worst made, and worst tended engines in the world. The rea« 

son why, 94. 
Dynamometer (The) to measure the force of steam in a boiler, a 

description t>f, 303. 

^aJP^^^^^^ applied the use of steam in the service of supersti- 
tion, 15. 

Egyptian science, the properties of steam known in the earlier 
ages of, 2. 

Engineers, Transactions of the Institution of Civil, on steam- 
engine boilers, 262. 

Etherial matter, examples of, 4. 

Evans (Oliver), of Philadelphia, the inventor of the high-pressure 
steam-engine, 139. Americans have taken the form and arrange- 
ments of their engines from, 139. His character, 140. His 
steam-engine boiler, 269. 

Exemplars of solid, liquid, aerial, and etherial matter, 4. 

Fairbaim's safety-valve, an account and representation of, 168. 
Farey's account of Smeaton's experiments in the improvement of 

steam-engines, 84. His description of the hay-stack form of a 

steam-engine boiler, 274. 
Fenton, Murray, and Wood's cycloidal parallel motion, an account 

of, 209. Oldham's improvement, 212. 
Flue, Bolton and Watt's, for heating steam-engine boilers, 272. 

The area of the chimney used for steam-engine boilers, 312. j 
Foot valve, representation and description of^ 225. 
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Franklin Institute safety-valve, 145. Investigation concerning 
the structure, phenomena, and explosions of steam-engine 
boilers, 282. Experiments on the strength of copper, 285. And 
experiments on the strength of iron, 287. 

French Academy safety-valve, account of, 145. 

Fuel, the maximum of ei^t from a given quantity of, 84. Smea- 
ton*s account of the best kind of, for steam-engines, 85. Eco- 
nomy of, in steam-engine boilers, B14. Quantity of steam pro- 
duced by a given weight of coal, 315. Saving of, by the Corn, 
wall steam engine boiler, 317. 

Gauges, description of three kinds of, 294. 

Governor, an appendage to a steam-engine of much value in all its 

applications to uniform revolving motion, 219. Description of, 

220. Improvement by Cheetham and Bailey, 222. 
Grating, the area of, for steam-engine boilers, 310. Should be in 

proportion to the diameter of the chimney, 313. 
Guericke*s illustration of raising water by a vacuum, and the 

pressure of the atmosphere, 52. Metal piston, 215. 

Uay-stack form of steam-engine boilers, description of, 274. 

Heat, the condition of matter changed by, 5. 

Hero, of Alexandria, his Pneumatics and Steam Machinery one of 
the earliest specimens of the art of printing, 2. Treatise of 
Pneumatics, written one hundred and twenty years before the 
Christian era, contains some passages which are identical with 
modern treatises on the same subject, 8. His dissertation of 
the properties of air as a medium for the communication of 
pressure and motion, and upon the nature and effects of a va- 
cuum, 9. Mode of raising water by a vacuum described by, ib. 
His theory of winds, 10. Illustrates the conversion of liquids 
into air or gases, ib. His experiments in steam, 11. Used his 
knowledge of steam in assisting an idolatrous priesthood in de- 
ceiving the populace by the resemblance of miraculous inter- 
ference, 12. Explanation of the application of steam in the ser- 
vice of superstition, 15. His works rekindled the flame of me- 
chanical invention after the discovery of the art of printing, 16. 
Different translations of his works previous to the year 1592, ib. 
Adopted the globular or spherical shape for steam-engine 
boilers. 263. 



INDEX. 323 

Iligh-pressure steam-engine, Worcester's specification of, 24, 
High pressure and low-pressure steam-engines, the characteristics 

of each, 138. The constituent parts of, described, 140. The 

non- condensing engine the same as high-pressure, 141. Leu- 

pold's application of, to raising weights, 150. 
History of the steam-engine in the era of the ancients, the era of 

Worcester, and the era of Watt, 4. 
Horse- power, the quantity of steam assigned foreacli^ 313. 
Hydrostatics, exposition of the principles of, by Caus, 19. 

Indices of pressure in steam engine boilers, description of, 304. 
Injection- cock, description of, improvement by Smeaton, 94. 
Injection-pipe, description and representation of the, 225. 
Iron steam-engine boilers, relative strength with that of copper* 

287. Experiments on the different kinds. 289. Rapid decay 

of, 293. 

Kattoff, an eminent artificer, employed for five-and-thirty years by 
Worcester in submitting his devices to the test of experiment, 
23. 

Keir's application of steam to turn lathes, and a description of the 
engine erected at his manufactory, 47. 

Leupold's (Jacob) application of high-pressure steam to raising 
weights, 150. Analogous to the modern steam- engine of high« 
pressure, 154. 

Liquid matter, exemplars of, 4. 

Liquids, the conversion of, into air or gases illustrated by Hero, 
10, 

Low-pressure and high-pressure steam-engines, characteristics of 
each, 138. The former sometimes called the condensing steam- 
engine, 139. The constituent parts of, 140. 

Macdowell's detached self-acting feeding apparatus for steam-en- 
gine boilers, 301. 

Materials for steam-engine boilers, 279. The relative value of, 
280. Copper the best, ib. 

Matter, the modern doctrine concerning, 4. Exemplars of soUd, 
liquid, aerial, and ethereal, ib* The condition of, may be changed 
by the agency of heat, 5. 
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Mechanical invention rekindled by the discovery of the art of 

printing, 16. 
Melting's method of working safety-valves, 174. 
Metallic piston, (the wedge,) a description of, 218. 
Motion and pressure, the properties of air as a medium for the 

conmiunication of, should be thoroughly understood by all who 

would master the theory of the steam-engine, 9. 
Murdoch's safety-valve, description of, 161. His improvement of 

Watt's safety-valve, 164. 

Newcastle and Durham, the engines there the rudest, most anti- 
quated, worst made, and worst tended in the world — the reason, 

94. 
Newcomen and Cawley's atmospheric steam-engine, description of, 

51, Fire-engine, 59. Improvement of Savary's engine, 59. 
Improved engine first used to draw water at Wolverhampton, 
and an account of its first working, 60. Account of their im- 
provements of the steam-engine, 61. Their engine described by 
Dr Robison, 63. Their engine improved by Beighton, 77. 
Their steam-engine boiler, 266. 
Non-condensing, or high-pressure steam-engine, invented by Oli- 
ver Evans of Philadelphia, long after the low-pressure or con- 
densing steam-engine was known to Watt, 139. 

Pampbour and Wood on railwaylocomotive steam-engine b<Hler8y262. 

Papin's fruitless project of deriving mechanical power from the 
motion of a piston in a cylinder, first by gunpowder^ and after- 
wards by steam, 108. 

Parallel motion. Vide Connecting rod. 

Parkes' experiments in the statistics of steam-eng^ine boilers, 315- 
Table of, 317. 

Piston, description of an apparatus for raising great wdghts by a 
vacuum under a, 54. Beighton's improvement of the, 61. A 
description of the first in use, 215. An account of Gaerioke's, 
and gradual improvement of, 216. Account of the wedge-me- 
tallic, 218. Stuffing-box in connexion withthe^ 219. 

Plato's speculations concerning the nature and properti^ of fire 
and water, air and earth, in accordance with modem and en- 
larged views of the constitution of steam and other gases^ 6. 

Pneumatics (The) of Hero of Alexandria, one of the earliest spe- 
cimens of the art of printing, 2. Hero's, written one hundred 
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and twenty years before the Christian era, contains some pass- 
ages which are identical with modern treatises, 7. Exposition 
of the principles of, by Salomon de Cans, 19. 

Portable fire-engines, for the purpose of being used to draw water 
from temporary excavations, shafts, quarries, &c., by Smeaton, 
a description of, 86. 

Porta's experiments in the production of steam, account of, 16. 

Potter, (H.) a boy, his accidental improvement of the steam- 
engine, 60. Accoimt of, 62. 

Pressure and motion, Hero's dissertation on the properties of air 
as a medium for the communication of, 9. 

Pressure, a description of indices of, in steam-engine boilers, 304. 

Priesthood, (an idolatrous) used steam in deceiving the populace, 
by a resemblance of miraculous interference, 12. 

Printing soon diffused the knowledge of mechanics, 16. 

Progress of discoveries in the properties and power of steam, 1. 

Refrigerator, or condensing apparatus, by Watt, 107. Illustra- 
tion of, 108. Economy of, 110. 

Rigley's application of Savary's engine to impel the machinery of 
the earliest cotton -mills and manufactories, 47. 

Rivets, the weakening effects of, in the construction of steam- 
engine boilers, 290. 

Robison's description and explanation of Newcomen's engine, 63. 

Rodelles Fusibles, the inadequacy of the, in the construction of 
steam-engine boilers exposed by the Franklin Institute, 305. 
A remedy proposed, 307. 

Romans, the, did nothing for the improvement of steam appara- 
tus, 16. 

Rotatory steam-engines,, attempts previous to Watt, to produce, 
127. Hitherto failures, 228. Five classes of, 231. An ac- 
count of each class, by Hero, in his Pneumatics, 120 years before 
the Christian era, 232. 

Rotatory motion. Watt's experiments in, 130. The best procu- 
red by the reciprocating engine with its crank and fly-wheel, 
227. Results in seeking hitherto for any other, 228. 

Safety-valve, description and use of, 143. French Academy and 
Franklin Institute, an account of their, 145. Fairbairn's, 168. 
Card and Company's, i6. Melling's method of working the, 
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174. Southern's, 145. Description of Various, 146. Mur- 
doch's, 161. Watt's, 164. Murdoch's conical, 167. 

Savary's condensing steam-engine for draining mines, rusing 
water for buildings and gardens, and generating a revolving 
mechanical power, account of, 28. His own description of, 40. 
Erected by Rigley, at Manchester, to impel the machinery of 
the earliest cotton-mills and manufactories, 47. Improved by 
Newcomen and Cawley, 59. Adopted the globular, or spheri- 
cal shape, in his construction of steam-engine boilers, 263. 

Self-regulating feeding apparatus, for rendering steam-engine 
boilers automatic, 297. MacdowalVs apparatus for, 301. 

Smeaton's improvement of the atmospheric steam-engine, 83. 
His experimental engine, ib. Results of his experiments, 84. 
Maximum of effect from a given quantity of fuel, 84. AccoTmt 
of the best kind of fuel for steam.engine boilers, 85. Dimen- 
sions and performance of his standard engine erected at Long 
Benton Colliery, near Newcastle, in 1772, ib. Portable fire- 
engine, for the purpose of being used to draw water f^om tem- 
porary excavations, shafts, quarries, &;c., 86. Account of bis 
Chasewater engine, 90. Improvement of the injection-cock> 
94. Steam-engine boilers, 273. 

Solid matter, exemplars of, 4. 

Southern's safety-valve, 145. 

Steam, progress of discoveries in the properties and power of, 1. 
Known in the earlier ages of Egyptian science, the uses to wluch 
it was applied in Greece — neglect of the uses of, till after the 
invention of printing — the work of Hero, on pneumatics and 
steam machinery, one of the earliest specimens of the art of 
printing — the slow, regular, and progressive advancement of, 
since, 2. Now known to be only one of the common airs or 
gases, 4. Definition of, 7. The specific term equivalent to the 
word air generally used by the ancients— better known to the 
ancients than has been generally admitted, 7. As the means of 
producing a vacuum, obtains much of its value as a mechani- 
cal power, 9. Hero's experiments in, illustrated, 11. Used by 
the ancient priesthood in deceiving the populace by the resem- 
blance of miraculous interference, 12. Applied by the Egypt- 
ians in the service of superstition, 15. Apparatus not improved 
by the Romans, 16. Porta's experiments in the production of, 
10. Application of, by Branca, to impress a revolving motion, 
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»esaguliers' estimate of the comparative density of water 
Watt's estimate, 74. Watt's method of producing, by 
^** ^m water, and water from, by cooling, and illustrations 
^^. Economy of, 110. Watt's method of preventing the 
^f, 120. Method of reckoning the force of high pressure 
X. . Amount of the pressure produced of, 142. Applica* 
^'^ high pressure of, to raising weights, by Jacob Leupold, 
Dynamometer to measure the force of, in a boiler, a de- 
^ion of, 303. A bad conductor of heat, 313. A large mass 
^ter regulates the production of, 313. Quantity of, as- 
^d to each horse power, 314. Quantity of, produced by 
■"^n weight of coal, 315. 

^n^ne, the history of the, 3. The progress of the, co-or- 
Ciate with the progress of the human mind in physical truth, 
^^storical description of the, in the era of the ancients, the 
if Worcester, and the era of Watt, 3. The properties of air 
. medium for the communication of pressure and motion, and 
^cially the nature and effects of a vacuum should be thoroughly 
erstood by all who would master the theory of the, 9. The 
t invented and constructed by the Marquis of Worcester, 21. 
Tcester's, of two-horse power, 22. Worcester's specification 
ligh-pressure, 24. Savary's invention of the condensing, and 
jidption of the, 28. Improvement of the, by a boy named 
nphrey Potter, 60. Improved by Beighton, by making the 
on air and water-tight, 61. Improvements by Newcomen, ib, 
^ams and description of the, as it existed in the time of De- 
iliers, 77. Rendered a self-acting power by Newcomen, Potter, 
Beighton, 82. Smeaton's accoimt of the best kinds of fuel 
85. Dimensions and performance of Smeaton's standard, 
sted in Long Benton, 85. Smeaton's portable, for the pur- 
i of being used to draw water from temporary excavations, 
ts, quarries, &c., 86. The worst description of, those of 
'ham coal-fields, and around Newcastle, the reason, 94. The 
ospheric engine, in the hands of Watt, became wholly a 
m-engine, 95. Smeaton's chasewater, an account of, 90. 
strations of Watt's early experiments and improvements of 
, 96. Watt's method of lessening the consumption of steam 
. fuel in, 106. Description of Watt's first. 111. Watt's, first 
d as a substitute for Newcomen's in pumping up water, 114. 
itt's expansive engine, 122. Theory of the expansive, 123. 
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Watt's rotatory, a description of, 127. Watt's experiments on 
the rotatory motions of the, 130. Account of Watt's double^ 
applied to rotatory motion, 131. Description of one of the 
Albion Mill engines, 133. Have received no very valuable im- 
improvement since Watt's time, ib. High-pressure generally 
used for locomotive carriages, light and rapid steam. vessels, 138. 
Low-pressure more complex, but more effective ; more expensive 
in original construction, more durable, and more economical in 
the consumption of fuel, 139. Condensing by non-condensing^ 
139. High-pressure, description of, 141. The modern high-pres- 
sure in many respects analogous to Jacob Leupold's application 
of high-pressure steam to raising weights, 154. Use of the 
crank in, 183. 
Steam-engine boilers, the best construction of, a subject of very 
different and even opposite opinions ; the art of constructing^ in 
its infancy, 261. The investigation of the whole subject of^ 
recently undertaken by the Franklin Institute, 262. Arm- 
strong's treatise on, 262. Wood and Pampbour on railway 
locomotive, 262. Transactions of the Institution of Civil En- 
gineers relative to, 262. The globular, or spherical shape, early 
adopted by Hero, Savary, and others, 263. The first steps to- 
wards improving, 264. Desaguliers* form of, described, 2d4. 
The cylindrical form of, described, 265. Improvements on the 
cylindrical form, and representation of, 266. Newcomen's, ib. 
Watt's waggon boiler, 267. The American boiler, introduced 
by Evans, 269. Economy of space of the tabular-flued, 273. 
Smeaton's, 273. The hay-stack form, 274. The materials in 
use for, 279. Copper the best material for, 280. Relatiye 
value of materials for, ib. Investigations concerning the 
structure, phenomena, and explosions of, by the Franklin Insti- 
tute, 283. Experiments on the strength of copper and iron for, 
285. Relative strength of copper and iron for, 287. Calcula- 
tion of the diminution of the strength by riveting, 290. Rajnd 
decay of iron for, 293. Various contrivances for rendering the, 
automatic, 297. Description of a self-regulating feeding appa- 
ratus for, ib. Macdowell's apparatus for the self-regulating 
of, 301. The inadequacy of the rodelles fusibles in the construc- 
tion of, exposed by the Franklin Institute, 306. Proposed 
remedy for, 307. Bache's alarm to be applied to, 308. Com- 
mon alarm applied to, 309. Proportions of, t&. The area of 
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the grating for, 210. The quantity of water which should be 
contained in a, 313. A large mass of water regulates the pro- 
duction of steam in, 313. The economy of fuel for, 314. Parkes' 
experiments in the statistics of, 315. Table of Parkes' experi- 
ments, 316. 

Stuart, (Robert) establishes the truth that the Marquis of Wor- 
cester was the inventor of the steam-engine, 22. Brings to 
light " A Diary of Cosmo de Medici, Grand Duke of Tuscany, 
who visited England about the year 1656," in which he gives an 
account of the engine invented by Worcester, which he had an 
opportunity of witnessing in operation at Vauxhall, 28. 

Stuffing-box in connexion with the piston, description of the, 219. 

Superstitions of the Egyptians aided by their knowledge of steam, 
15. 

Switzer's accoimt of Savary's invention of the condensing steam- 
engine, and description of, 33. 

Tabular-flued steam-engin'e boilers, description and economy of, 

273. 
Tuscany, the Grand Duke of, his diary when he visited England 

in the year 1656, in which he gives an account of the engine 

invented by Worcester, 28. 

Vacuum, the means of producing a ; steam obtains much of its 
value as a mechanical power, from a ; the mode of raising water 
by a; 9. A, described by Hero, ib. The nature and effects of 
a, should be thoroughly understood by all who would master 
the theory of the steam-engine, ib. The use of a, a distinguish- 
ing feature of Savary's condensing steam-engine, 29. Guericke's 
illustration of a, and the pressure of the atmosphere, 52. Ap- 
paratus for raising great weights by means of a, under a pis- 
ton, 54. 

Valves, (Safety) description and use of, 143. French Academy 
and Franklin Institutes, 145. Southern's, ib. Description 
of various, 146. Murdoch's, 161. Watt's, 164. Murdoch's 
improvement of Watt's, ib, Murdoch's conical, 167. Melling's 
method of working, 174. 

Vauxhall, the first place where a steam-engine was erected, 28. 

Water, the raising of, by a vacuum and the pressure of atmo- 

2 £ 



330 INDEX. 

sphere, illustrated by Guericke, 52. The waste of, in the pro- 
duction of steam, 73. Density of, as compared with steam, ib. 
Watt's method of producing steam by heat from, and water 
from steam by coolimg, and illustration of, 108. Economy of, 
110. The quantity of, which should be contained in a boiler, 
313. A large mass of, regulates the production of steam. 
Water-gauges, vide Gauges. 

Watt's estimate of the comparative denaty of water and steam, 74. 
History of the era of, before his time ; the steam, or atmosphe- 
ric engpine, a more costly power than horses, except where fuel 
was extremely cheap, 9^, Turned the scale of expense, 95, In 
his hands, the atmospheric engine became wholly a ft^am-eng^e, 
1*6. Illustrations of his early experiments and improYements of 
the steam-engine, 96. Obtained in 1768 letters-pstent for his 
" Methods of Lessening the Consumption of Steam, aad eonae- 
quently Fuel, in Steam. Engines," 105. ffis method of lessen- 
ing the consumption of steam and fuel, 106. ffis condeoaer, or 
refrigerator, the characteristic member of the modem steam- 
engine, 107. Method of producing steam by heat Arom water, 
and water from steam by cooling, 108. Description of hia first 
engines. 111. His engine first used as a substitute for Newco- 
men's in pumping up water, 114. Method of preventing the 
waste of steam, 120. Expansire^engine, 122. Theory of the 
expansive-engine, 123. Rotatory steam-engine, a do a eripti on 
of, 127. Experiments in rotatory motions, 130. Double engine 
applied to rotatory motions, and advantages of, 181. Scarcely 
any very valuable improvement in steam- eng^ines nnce hiatime^ 
and Farey's testimony to this fact, 137. His safety-Talre, 164. 
Murdoch*s improvement of, 167. Parallel motion, or parallel 
guides, 200. Method of dry condensation, Sbi6. Waggon steam* 
engine boiler, a description of, 267. The consomptioii of coal 
by one of his engines, 314. 

Wheel, (Fly) uses of, in the steam-engine, 188. Lnproraa the 
action of the crank, 184. Description of a snbatitnte lor that 
constructed by Buckle, 184. 

Wedge metallic piston, description of the, 218. 

Weights, apparatus for raising gpreat, by a yacanm under a piston, 
a description of, 54. 

Winds, Hero's theory of, 10. 
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Wood and Pampbour oq railway locomotive steam-engine boilers, 
262. 

Worcester, (the Marquis of) invented and constructed the first 
steam-engine, 21. A short account of his character^ genius, 
and misfortunes, 21. His title to the invention of the steam- 
engine disputed, but established by the researches of Robert 
Stuart, lb. Description of his steam-engine of two horse 
power, 22. Publishes his work, entitled, " A Century of In- 
ventions," &c., 23. Employed the most eminent artificers of 
his time in submitting his devices to the test of experiment, t6« 
His specification of the high-pressure steam-engine, 24. Grand 
Duke of Tuscany 's account of the steam-eng^e invented by, 
and which the duke had an opportunity of witnessing in opera- 
tion at Yauxhall, 28. 



THE END. 
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DESCRIPTION OF THE PLATES. 

Plate I. Figs. I and 2. These figures exhibit a 
front and side elevation of one of the simplest forms 
of the non-condensing steam-engine. Its principal parts 
are the cylinder A, the piston-rod P py and connect- 
ing rod p K, acting directly upon the crank K X, and 
fly-wheel W W. Besides these there are only an 
eccentric and valve-rod x x Xf and governor w tv. Two 
columns and an entablature support one extremity of 
the crank axle, and give attachment to minor appen- 
dages. The other extremity of the axle rests on the 
wall of the building. To the columns is attached g g 
a guide for the top of the piston-rod. The feed ^nmi^fff 
is worked by an eccentric on the crank shaft. 

Figs. 3 and 4. The form of engine here exhibited is 
of still greater mathematical simplicity than the last, al- 
though its mechanical arrangements are probably more 
intricate. In this engine no member intervenes between 
the piston-rod and the crank. A cross-head carried by 
the piston-rod, open in the centre, permits the crank pin, 
in its circle of rotation, to oscillate freely on alternate 
sides of the piston ; and being itself powerfully confined 
to motion in the vertical direction only, by the slides on 
the columns of the framing, the vertical motion of the 
piston-rod is precluded from the production of any other 
dynamical effect than the most direct of all possible con- 
versions of rectilineal into rotatory motion. The cross- 
head is marked H H in the figure, the columns being 
headed m m. The other letters refer to the same parts 
as in the last figure. 

Plate 11. Figs. 1. and 2. In these figures the high- 

a 
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pressure'engine is represented in its most improred foma 
for stationary purposes. It is analogous, in the arrange- 
ment of its principal parts, to the usual construction of 
Bolton and Watt's condensing engine. A cast-iron base 
supporting six columns and an entahlature, forms a fram- 
ing upon which the parts of the engine are distributed, 
so as to form what is called a portable engine, being 
entirely independent of the building in which it may 
happen to be placed. At one extremity of the base is 
placed the cylinder A A, and at the other the crank- 
axle X, and fly-wheel W W. The motion is transferred 
from the piston P p, through the great leyer L Li L, and 
connecting rod or crank rod L K, The feed pnmpyy* 
is in this instance worked from the point m of the paral- 
lel motion, in the way generally adopted in condensing 
engines for working the air-pump, whose plaee in iaet it 
here occupies. The valre is a short D-slide, worked bjr 
eccentric gear, jp x x x. S is the steam-pipe. The edae- 
tion pipes E are seen descending on both sides of the 
valve casing ; they unite in a common chamber hcnimth 
the cylinder, whence a pipe conveys the ednoted steam 
to the chimney, or to serve some other purpose^ as the 
case may be. The governor acts as in the protons caae. 
This drawing is taken from the form of engine mannlae- 
tured by Messrs Caird and Company. 

Figs. 3 and 4 is a form of the upright condenring en- 
gine manufactured by Messrs Carmichael of Dundee^ 'and 
successfully applied by them to various pniposea. It is 
compact and has been found to work well. 

The cylinder A A is placed upon the floor, and on 
either side of it stands a cast-iron column. These eo- 
lumns are hollow and are used as steam-pipea, S S S 8^ 
to convey the steam to the jacket of the eyluider» fieom 
^hich it finds its way into the valve-chest D. On the 
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top of the columns is a cross-beam sustaining the crank 
axle, and the columns support guides m m m tn, on 
which, by means of wheels g g, and a cross-head g p gt 
the piston-rod P /? is maintained in its vertical position, 
so that the connecting rod pKis directly attached to the 
crank-pin K. The air-pump G is worked from the crank- 
shaft by means of a second crank or bend, and an eccen- 
tric X X works directly the slide valve; ,^ is the feed- 
pump for the boiler, worked directly from the air-pump 
cross-head ; ww w w\% the governor, with its appenda- 
ges ; C is the condenser ; N the cold well. 

Plate III. In ^%. I. of this plate we have given 
a sectional elevation of a land-engine of twenty-five 
inch cylinder and five feet stroke. In fig. 2. we have 
given its horizontal section at the level of the base of the 
cylinder, and in the remaining figures the details of ]t» 
different parts. In figs. 1 and 2 A A is the cylinder, P the 
piston, Pp the piston rod, B& the parallel motion, LLL 
the great lever. The pillow blocks L/, in which the centre 
of the great lever works, rest on the spring beam \]\5y 
whose ends are secured to the walls of the building in the 
manner shown on the next plate. The centre of the spring 
beam is sustained by the columns VV and their enta- 
blature Uy which crosses the building and has its ends 
secured to the walls like those of the spring beams. At 
the other end of the great lever are the connecting rod 
LK, the crank KX, and fly-wheel YfW. Returning 
to the cylinder we have, DD the slide-valves and their 
casing ; dd the packing ports. The valve-casing termi- 
nates below in EE the eduction-pipe leading into the 
condenser C. G is the air-pump, F the place of the foot- 
valve, h. the air-pump piston rod. The condenser and 
air-pump with their appendages are placed in the cold 
well N. M is the hot well, into which the contents of 
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the air-pump are discharged, and from which the hot 
water pump m draws its supply hy the pipe m\ The 
pipe 00 leads from the hot water pump for the sup- 
ply of the holler. The cold well is supplied from the 
cold water pump n hy the pipe n n\ The rods for 
working the hot and cold water pumps hang from a stud 
at either side of the lever at m. The governor vow is 
supported on a bracket tt^ which bridges across the 
main shaft. The influence of the governor is conveyed 
to the throttle-valve by the levers and connecting rods 
wtoww. The valves are worked by the eccentric sx«Sm 
ffi^ the eccentric shaft which carries the gab-levery, on 
which the eccentric rod acts ; it also carries the levers 
for working the side rods of the valves, the levers which 
carry the counterbalance weight, and the socket for the 
starting lever. The small pillars TT, which snrroimd 
the cylinder, are surmounted by an entablature which 
serves as a support for a gangway round the cylinder. 

Plate I v. The figures in this plate represent in detail 
the dijBPerent parts of the engine which we have just de* 
scribed, separated from each other, in order more clearly 
to exhibit their construction. Figs. A A' a a' show the 
details of the cylinder. In A A' is shown the upper and 
lower ports of the cylinder at 1 and 2, and the steam 
port at 3. In A', 4 is the cylinder cover, and 5 the staf- 
fing box. a is an horizontal section of the cylinder, and 
a plan of the cylinder cover. 

Figs. DD' dd' show the slide-valve casing ; D a front 
view, D' a side view. 1 and I are the packing ports, 2 
and 2 the packing-port covers, 3 the eduction -pipe, d 
the cover of the slide-valve casing, 4 its stuflQng-boXy cf 
a section of the casing. Figs. C, 6, F, show a side ele- 
vation of the condenser, foot- valve, and air-pump ; C/ CK, 
F, a section of these; and c, ^,^ a plan of them, 1 it the 
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cover of the foot-valve, 2 and 3 a section and front view 
of the valve. Fig. L shows a side view of the great 
lever, L 1 a top view, and L 2 a transverse section 
through the centre of it. Figs. KK' show a front view 
and section of the crank. Figs. XX^ show a side view^ 
an end view, and a plan, of the crank shaft pillow block. 
Figs. I, 1 1, I2y show a side view, an end view, and a plan 
of the pillow block for the main centre of the great lever. 
Figs, mm' show a vertical and horizontal section of the 
hot water pmnp, and figs, nn of the cold water pump. 
Figs. B 1, 2, 3 are the details of the main links of the 
parallel motion ; & 4>, 5, 6, 7, 8 details of its air-pump links ; 
9, 10^ 1 1, 12 side and top views of its radius and parallel 
bars. 13, 14 is the clutch for the top of piston-rod ; 15^ 
16, the gudgeon and clutch for the top of air-pump rod ; I?, 
18, top and side views of the ring gudgeon to which the 
parallel rods are attached ; P piston-rod, H air-pump 
piston rod, h air-pump rod, gg cold water pump rod and 
piston rod, and gg hot water pump rod and piston rod, 
X the eccentric, WW, 1, 2, 3, 4> details of the fly-wheel, 

main centre or gudgeon for the great lever. PP 1 
plan and section of the piston, «& t^y 1, 2, 3, 4, 5 details of 
the governor, t^ihe spindle, w the slide, 1 1 the radius 
arms to which the balls 5 5 are attached, 2 2 the radius 
arms which cause the balls to act on the sliding collar u/f 
3 and 4 the stay for confining the motion of the balls, t 

1 2 is the slide-valve rod and side rods, ^ 3 is the slide- 
valve cross-head, R R' a side and front view of the con- 
necting rod. 

Plate y. exhibits a sectional elevation of a con- 
densing engine. This description of house-engine is 
the design of Mr M^Naught of Glasgow, and has been 
extensively applied by him to cotton, silk, and saw-miUs. 
The principal peculiarity in its structure is the arrange* 
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ment by which no farther masonry is required for ito 
foundation than the building in which it stands, the usual 
cold well being dispensed with, and the whole structure 
connected by cast- iron beams with the walls of the house. 
The cylinder AA is attached immediately to TT^ the 
cast-iron beams of the floor, which are deeply bedded in 
the wall at T and T, and rests directly upon the large 
vessel C, which forms the condenser, and is supported 
likewise by beams YY, which are bedded in the wiallg. 
The condensation is effected by injection alone^ withoat 
the usual accompaniment of a cold well around the eon- 
denser, an appendage that may safely be regarded as 
by no means indispensable to the practical perfection of 
the vacuum — when the vessel itself is formed with feir 
joints. The transverse beams of the bnildinge are gap* 
ported by two pillars directly under the centre of dbe 
great lever LLL, so as to support the main Centfa I«; 
and the crank-axle X and the axis Z of the ily-wkeel W, 
are supported on UU, another beam of cast iron. 

The steam enters the house through the pipe 88, 
passes round the cylinder to SS, around the long dide- 
valve DD, being confined to the middle of it bjr the Talva 
packing hhy and after performing its diAy in the cylin- 
der, passes out at EEE into the condenser C, wliere it ia 
finally condensed into water. Hence it is drawn off at 
the foot- valve F by the piston H of the air-pnmp 6, and 
delivered by the discharge* valve M into N, the hot welL 
The slide-valve DD is worked by the eccentric gear 
xxxx and the rod dD through a moveable stnfiag-boz 
dx» 

Plates VI. and VII. These plates represent the 
high-pressure engines which are employed to work the 
inclined plane at the Liverpool station on die Lirevpool 
and Manchester Railway. They are beantifid and hi 
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many respects highly judicious ; they are the work (^ 
Messrs Mather, Dixon & Co., Liverpool. 

WWWy Plate VII. is the great wheel which works 
the rope that draws the railway train up the inclined 
plane ; the rope is contained in a groove in the edge 
of the wheel. A clutch kk connects or disconnects the 
crank-axle XXX with the wheel WW ; the cranks KX, 
KX, KX are placed at right angles, so that when one is 
on the centre the other is at the furthest distance from 
it. KA, the connecting rod, hangs down from LL, the 
ends of the levers. The centre -of the side levers, 
IV., rests on a truss at no gpreater height than three feet 
ahove the floor of the engine-room, hp is a side rod 
by which the levers are united to the cross-head rpr. 
The steam in this instance comes about a quarter of a 
mile from the boilers to the cylinders A A by the steam- 
pipe SSS. Fig. 2 is a section of the steam-valves and 
cylinder. The valves DD are short D-slides, surround- 
ed by steam, and by the underside of the valves the 
escape takes place through the space E ; dD is the valve- 
rod moved by the usual valve-gear xxa;. The eccentric 
sxxy Plate VI., is placed on a long shaft from the crank 
axle at X, which shaft is also employed to work the 
governor-balls ww. The whole foundations are solid 
red sandstone rock, in which excavations are made for 
the shafts and ropes. 

Plates IX, X, and XI. This very beautiful pair of en* 
gines was constructed by Mr Fairbaim of Manchester ; 
and they are the property of Messrs Bailey and Co. of 
Staley Bridge, near Manchester. They are employed 
to drive a cotton-mill, and possess many excellent adap- 
tations to this purpose. 

These engines are of a similar form to those employed 
in large steam vessels, and will serve very well to conduct 
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the stadent from the common to the marine engrine. The 
working beam or great lever LLL is, as it were, split 
in two, one of the halves being placed on each side of 
the engine, but united at the middle by a large gadg^n 
or main-centre, LL, and at the one end by a cross-head, 
L/>L, and side rods, RL and RL, and at the other end 
by a cross-tail of similar form, and the connecting rod 
KL, which turns the crank KX. The moving mass is 
thus placed lower, and the whole rendered more compact, 
than the common house engine. 

This double marine engine is reckoned preferable in 
the manufacture of cotton to an engine of the common 
kind. The double engine gives a considerable degree of 
uniformity to the velocity produced ; and the approxinu- 
tion to uniformity is rendered still more perfect by the 
short stroke, in which the variations of force recor at 
shorter intervals than with a long stroke. A striking 
peculiarity in this pair of engines is the larg^ fly-wheel, 
WWWy formed of toothed segments, which receives the 
moving force of both engines, and gives it oat directly, 
and with a high velocity, to the mill shafts, YY« Not 
only is the requisite speed of revolution attained very 
readily and quickly by this means, but the momentum of 
the wheel is immediately conveyed to the shaft, instead 
of passing through a series of wheel and axle work. The 
durability and excellence of this arrangement are unques- 
tionable. 

The section, plate I X., shows the details of many 
of the parts. The steam-pipe SSS from the boiler 
conducts the steam into a space SS, forming a jacket 
round the cylinder AA. The piston P has metallic 
rings on its periphery as packing ; U and V, the upper 
and lower steam-ports, are wholly formed in the oOTcr 
and bottom plate of the cylinder, and are doled and 
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of^ened alternately by two short D-slideg in two separate 
valve-chests above and below. The steam enters the 
upper chest from the jacket at S, where the throttle 
valve is inserted, and passes through the valve. The 
packing on the back of the valve is screwed down from 
above by a vertical spindle, and the eduction takes plaee 
through E by a hollow vertical column on one side of the 
valve-chest, while the steam passes down to the lower 
port through another column. The condenser € is a 
single casting, placed immediately below the valve-chett, 
and is entered by the injection pipe cc at c, of which the 
aperture is regulated by a slide-valve and vertical spindle 
ending in a screw. F is the foot< valve, governing the 
communication between the condenser and air-pump G ; 
H is the air-pump piston, with common clack valves ; and 
M is the delivery valve, opening outwards into the hot 
well. The waste pipe is immediately below M ; and the 
feed pump and pipey arein the masonry below the levef) 
so as to draw the feed water from the waste pipe^ 

The valves DD receive motion by an appatatus some- 
what peculiar. A stud in the crank pin K carries round 
a small radius rod xx on an axis, concentric with the 
crank ; a smaller crank on this axis or shaft has a length 
equal to half the throw of the valve, or equal to that 
which would be given to the usual eccentric, and by a 
bar XX similar to the eccentric rod, the valve is moved by 
this lesser crank, just as by an eccentric. This gearing 
has the advantage of lightness and precision, mmm are 
the usual links of the parallel motion ; dha. counterpoise 
to the weight of the valve, w w are the weights of the 
governor. 

Plate XV. This is one of that class called the rotatory 

steam-engine; a class comprehending many varieties 

of which we hear much and see but little. The engine 

b 
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is given as an illustration of this very ansuccessfol 
class of engines, by one of its least exceptionable ex- 
amples. It has actually been in use for some years, 
being frequently employed to turn the machinery of a 
large establishment. We have seen it working smoothly 
and well; yet we have not been able to recognize in 
it any reason for giving it an equality, much less a pre- 
ference, in comparison with the common engine. It ean 
be reversed in the same way as a common engine. It 
was invented by Mr Yule of Glasgow, by whom it was 
patented, and is still in the works of the late Thomas 
Edington, Esq., at Glasgow. 

SSS is a double steam pipe, either branch of which 
may be employed according as the engine is to go forward 
or backward. A A is the cylinder firmly fixed on a stone 
foundation, and in its centre is an axis XX, upon one side 
of which and eccentric to the cylinder is an inner cylin- 
der or barrel turned quite true, and fixed to revolTe whli 
the axis X, and so to form the piston P, which is to reoeWe 
and ^ive out the force of the steam. RR famishes the 
point cfappuiy the surface of reaction, which resists the 
force of the steam and forms a fixed obstacle. It 
flat slide or sluice, (see fig. 5,) resting on the barrel pis- 
ton P, and maintained by guides always in a Tertical posi- 
tion. It passes into the cylinder throngh a rectangolar 
stuffing box, and is raised and depressed by a small ec- 
centric pin XX, so as to remain always upon the snrfiwa 
of the piston drum. All the working surfaces are ren- 
dered steam-tight by metallic packings. £EB is the 
eduction passage into the condenser or the open airi 
DD are slide valves to be reversed when the engine is to 
go backwards. On the revolving axis of the piston X 
are toothed wheels, gg, working other two» gg^ whidi 
have a common axis zz, carrying a fly-wheel» and drir- 
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ing the machinery to be worked by the engine. Fig 6. 
shows the ports at DB. Fig. 7 shows the guides of 
the slide RR. 

Plates XII. XIII. XIV. exhibit views of a pair of beau- 
tiful marine engines, constructed by Mr Napier, for the 
four British and North American royal mail steam-ships 
Britannia, Acadia, Caledonia and Columbia, plying 
between Liverpool, Halifax, (Nova Scotia) and Boston, 
(U. S.) The following are the general dimensions 

of the vessel and engines. 

Ft. Sn. 

Length from figure-head to tafPrail^ . 228 

Length of keel and fore- rake, . . 206 

Breadth of beam between paddles, • 34 6 

Depth of hold, . . . . 22 6 

28 
26 
6 
6 10 



Diameter of paddle-wheel, 
Length of floats. 
Diameter of cylinder, 
Length of stroke, 



The power of the engines is about 240 horse power. 
The paddle shafts make 16 revolutions per minute The 
tonnage of the vessel by the old law is about 1200 tons. 

Plate XII is a side elevation of one of the engines. 

Plate XIII is the elevation of the crank end of the 
engines, and Plate IV the elevation of the cylinder 
end. By an inspection of these engravings it will 
be seen, that the parts of the engines are sustained 
by an elegant and rigid Gothic framing, rendering 
them, notwithstanding the ponderosity of their difi^er- 
ent parts, entirely independent of the vessel on which 
they are placed. A A are the cylinders, B the slide-valve 
casing, C the condenser, D the hot well and air-vessel 
placed on the top of the condenser. E the air-pump. 
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FF the feed pumps. The moving parts of the engine 
are as follow : — K the cylinder piston-rod, I the cross- 
head, H the cylinder side rods descending to the great 
side levers G6G. Connected with the parts last de- 
scribed are the radios rods of the parallel motion L, 
the motion side rod I/, and the parallel motion shaft /, 
y the valve or weigh- shaft on which is fixed the valve lever 
W, whose other end is inserted into a clutch on the slide- 
valve link c. On either side of the centre of the great 
lever depends a side rod ff, to work the bilge and brine 
pumps, and to its extremitty are attached the links of 
the cross-tail of the connecting rods, P the links, Q the 
cross-tail, R the connecting rod. To the upper end of 
the connecting rod is attached the crank S; T is the inter- 
mediate or crank- shaft, T'T' the paddle-wheel shafks. On 
the crank-shaft is placed the eccentric U ; and iw ii the 
eccentric rod working the eccentric g^I>-lever v on the 
valve or weigh-shaft t t^. ^ VV ^^ expaniion mlve 
apparatus, h A escape valves at top and bottom of cylinders, 
X paddle wheels, k lever for starting the eng^es» 1 1 
steam-pipes, 2 2 waste water pipes from hot wellf 8 doable 
force-pump for filling boilers, extinguishing -firei, and 
washing decks, 4 4 engine beams, 5555 midship seetion 
of vessel, 6 6 thick planks checked in upon and boked 
through the timbers thus : — 
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FF the feed pumps. The moving parts of the engine 
are as follow : — K the cylinder piston-rod, I the cross- 
heady H the cylinder side rods descending to the great 
side levers G6G. Connected with the parts last de- 
scribed are the radios rods of the parallel motion L, 
the motion side rod L/y and the parallel motion shaft /, 
y the valve or weigh- shaft on which is fixed the valve lever 
W, whose other end is inserted into a chitch on the slide- 
valve link c. On either side of the centre of the great 
lever depends a side rod ff, to work the bilge and brine 
pumps, and to its extremitty are attached the links of 
the cross-tail of the connecting rods, P the links, Q the 
cross-tail, R the connecting rod. To the upper end of 
the connecting rod is attached the crank S ; T is the inter- 
mediate or crank- shaft, T'T' the paddle-wheel shafts. On 
the crank-shaft is placed the eccentric U ; and uu is the 
eccentric rod working the eccentric gai)-lever v on the 
valve or weigh-shaft t t^. ^ yv the expansion valve 
apparatus, h A escape valves at top and bottom of cylinders, 
X paddle wheels, h lever for starting the engines, 1 1 
steam-pipes, 2 2 waste water pipes from hot well, 3 double 
force-pump for filling boilers, extinguishing -fires, and 
washing decks, 4 4 engine beams, 55 55 midship section 
of vessel, 6 6 thick planks checked in upon and bolted 
through the timbers thus : — 
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